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ABSTRACT 


Known from over 50 Triassic localities worldwide, beetles were a significant component of the 
early Mesozoic paleofauna. Beetle fossils are particularly diverse in the Late Triassic (Norian) Cow 
Branch and Walnut Cove formations (Solite deposit) of Virginia and North Carolina, with 100 dis- 
tinct morphotypes sorted from approximately 1000 specimens. The diversity of the Solite Coleoptera 
is documented, the 100 beetle morphotypes are informally described, and comparisons are made 
with other beetle communities through geologic time. In comparison with modern beetle communi- 
ties, the Solite fauna shares two remarkable similarities. First, the distribution of Solite beetle body 
sizes matches that of some modern beetle communities, with the majority of specimens in both 
groups measuring between 2 and 4 mm in length. Second, the vast majority of the 100 Solite mor- 
photypes (84%) are known from only a single specimen. This pattern somewhat follows the species 
abundance distribution of modern animal communities, in which a community is comprised of only 
a few common species and many rare species. In contrast, the Solite beetle fauna differs markedly 
from those of other Triassic and Early Jurassic deposits, both in the composition of higher taxa 
present, as well as in the lack of shared taxa between sites. The uniqueness of the Solite taxa, includ- 
ing the remarkable diversity, demonstrate the importance of the Solite Konservat-Lagerstatte in 


understanding the evolutionary history of Order Coleoptera. 


INTRODUCTION 


With over 380,000 described species, Coleop- 
tera is the most speciose order of animals today 
(Slipiiski et al., 2011). Varying immensely in 
morphology, beetles are both some of the small- 
est as well as some of the largest insects alive, 
ranging from the <1 mm featherwing beetles 
(Ptiliidae) to the 190 mm Hercules beetles (Dyn- 
astes: Scarabaeidae). Intertwined with their mor- 
phological diversity, beetles inhabit nearly every 
terrestrial environment, in addition to many 
aquatic ones. They are also among the most com- 
mon insects preserved in the fossil record, owing 
to their durable, hardened elytra (forewings). 

While some molecular models predict a Car- 
boniferous origin for Coleoptera (Toussaint et 
al., 2017; Zhang et al., 2018; McKenna et al., 
2019; Cai et al., 2022), the earliest definitive fossil 
beetle, Coleopsis archaica, is not known until the 
early Permian (~295 Ma; Kirejtshuk et al., 2014; 
Schadel et al., 2022). During the Permian, the 
beetle fauna consisted of the early stem groups 
Tshekardocoleidae and Permocupedidae, as well 
as members of suborder Archostemata, but their 
diversity and abundance remained relatively low 
(Zhao et al., 2021). The first members of subor- 
der Adephaga appear in the fossil record in the 
latest Permian; Myxophaga and Polyphaga most 


likely appeared before the end of the Permian, 
but definitive fossils of these groups have not yet 
been found from this time (Zhao et al., 2021; 
Beutel et al., 2024). 

The Permian ended with the greatest mass 
extinction of the Phanerozoic, most often attrib- 
uted to the eruption of the Siberian flood basalts 
(Saunders and Reichow, 2009), an event that led 
to the restructuring of many habitats. While 
Permian stem-group beetles did not survive into 
the Mesozoic, many extant insect families first 
began to increase in abundance during the Trias- 
sic. The fossil record of the Early Triassic is 
poorly known for insects in general, with only a 
small number of beetle remains (almost exclu- 
sively isolated elytra) having been collected from 
this period (Ponomarenko, 2016a). It was not 
until the Middle Triassic that beetle taxonomic 
diversity recovered; while Archostemata was still 
well represented, beetle assemblages became 
dominated by new taxa (e.g., Cupedidae, Phoros- 
chizidae; Zhao et al., 2021). 

Coleopteran fossils have been reported from 
over 50 Triassic deposits on every continent 
including Antarctica, but only a few of these 
have produced prolific insects (fig. 1). Beetles 
are generally abundant in all of the major Trias- 
sic insect deposits including the Madygen For- 
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FIG. 1. Paleogeographic map showing the approximate locations of the major Triassic insect deposits 
preserving beetles. Modified from Carnian Map #45 of the PALEOMAP Project (Scotese, 2014). 


mation of Kyrgyzstan, the Molteno Formation 
of South Africa, the Los Rastros Formation of 
Argentina, and the Denmark Hill insect bed of 
Australia. Perhaps less well known, the Solite 
Konservat-Lagerstatte of Virginia and North 
Carolina is another prolific Triassic insect 
deposit preserving one of the earliest-known 
post-Permian extinction assemblages of both 
terrestrial and freshwater insects. While not 
quite as abundant as in the other major depos- 
its, the Solite beetles are remarkably diverse, 
with at least 100 distinct morphotypes. 


LOCALITY AND MATERIALS 


The Solite insects are preserved as two-dimen- 
sional, silvery carbon films in a matrix of fine- 
grained, black mudstone. Most specimens are very 
small (generally <4 mm in length), and many are 
fully articulated with microscopic details like 
microtrichia often preserved. The Solite insects 
come from two separate geologic formations: the 
Cow Branch Formation and the Walnut Cove For- 
mation. Herein, the fossiliferous portions of these 
two formations are referred to as the “Solite 
deposit.” This deposit is located in the Dan River 


Basin, one of the continental rift basins of the 
Newark Supergroup throughout the northeastern 
United States that spans southern Virginia and 
northern North Carolina (Olsen et al., 2015). 
The Cow Branch Formation outcrops in the 
former Solite Corporation Quarry, located on 
the Virginia-North Carolina border at Cascade, 
Virginia (approximately 36° 32’ 29.7” N, 79° 40' 
12.8” W). The quarry is composed of three sepa- 
rate pits, designated A, B, and C by Fraser and 
Grimaldi (2003: fig. 1b). The majority of the 
insects here come from the aptly named “insect 
layer” (cycle 2; Olsen, 1979), a 34 mm thick unit 
outcropping in pit B that has been systematically 
excavated. The fossils from this pit are roughly 
220 million years old (Norian; Olsen et al., 2015; 
Kent et al., 2017). Though fewer in number, 
some insects have also been recovered from the 
slightly older sediments of pit C (ca. 221 Ma). 
The remaining Solite insects come from the 
poorly studied Walnut Cove Formation, formerly 
referred to as the Lower Cow Branch Formation 
(see Olsen et al., 2015). It outcrops in Madison, 
North Carolina (approximately 36° 23’ 13.8” N, 
79° 56’ 15.6” W), about 30 km southwest of the 
Solite Quarry. The magnetostratigraphy of this 
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unit is unresolved, but its age is roughly esti- 
mated to be between 227.5 and 224.5 million 
years old (Olsen et al., 2015: fig. 5). 

The Cow Branch Formation consists of repeat- 
ing cycles of microlaminated mudstones and 
massive, mudcracked sandstones that preserve 
Van Houten cyclicity. Olsen et al. (1978) sug- 
gested that these layers were deposited in a deep, 
perennially stratified lake. The small area of the 
lake (as compared with its depth) would prevent 
the occurrence of wind mixing and thus oxygen 
from reaching the lake bottom. This lack of oxy- 
gen would have prevented both decay and biotur- 
bation, allowing fully articulated insects to 
preserve. Liutkus et al. (2010) challenged this 
interpretation, positing that the geochemistry of 
the insect layer suggests a shallow, saline, and 
alkaline lake. The abundance of conchostracans, 
which often inhabit brackish environments, in 
addition to the assortment of insects preserved, 
specifically the near lack of aquatic insect nymphs 
that respire via tracheal gills (e.g., Ephemerop- 
tera, Odonata, Plecoptera), also support the 
notion of unusual water chemistry (see Fraser et 
al., 2017, for a discussion of this topic). However, 
it should be noted that the Solite sediments have 
been metamorphosed, as evidenced by the hard- 
ness of the rocks, their parallel bedding planes, 
and the lack of relief preserved in the Cow Branch 
fossils. Exposure to high temperatures and pres- 
sures during the process of metamorphism would 
likely have altered the original geochemical sig- 
natures of the rock, bringing their reliability into 
question. Additionally, there is one somewhat 
common arthropod in the Solite material that 
possesses a set of apical structures that appear to 
be gills. This organism was originally described as 
a possible phyllocarid crustacean (Olsen et al., 
1978), but its identity remains in question. 
Regardless, the presence of apparent gills suggests 
that at least some organisms were obtaining oxy- 
gen directly from the water. 

The lithology of the Walnut Cove Formation 
is very similar to that of the Cow Branch, with 
the exception of a rooted mudstone facies some- 
times overlain by thin coal beds (suggesting a 
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swamp environment) and, more importantly, the 
lack of microlaminated beds (Olsen et al., 2015). 
The rocks of the Walnut Cove Formation are also 
much more pristine (e.g., crumble easily, often 
with orange-colored weathered patches) than the 
low-grade metamorphic sediments of the Cow 
Branch Formation (Heckert et al., 2012: appen- 
dix), indicating slightly different geologic histo- 
ries and possibly depositional environments. In 
contrast to the Cow Branch insects, those of the 
Walnut Cove Formation are almost exclusively 
fragmentary, as is more common of Triassic 
insect deposits worldwide. 

The Solite insect collection comprises roughly 
9400 specimens, with at least nine orders known 
from this deposit (Fraser et al., 2017). While 
beetles are not the most abundant insects at 
Solite, they are certainly the most diverse. Com- 
prising approximately 19% of identifiable speci- 
mens, there are at least 100 distinct morphotypes 
present. The goal of this paper is therefore to 
document the diversity of the Solite Coleoptera 
and compare the fauna preserved here to other 
major entomofaunas of the Early Mesozoic. 


METHODS 


Beetle specimens were wetted with 70% etha- 
nol to increase contrast between the fossilized 
carbon film and mudstone matrix. Specimens 
were viewed using a Nikon SMZ1500 stereomi- 
croscope fitted with a fiber optic ring light, which 
provided a nondirectional, diffuse light source 
necessary for illumination of the silvery film by 
which the insects are preserved. For optimal 
observation of elytral striae, which are some- 
times faint, fossils were viewed tilted at an angle 
while dry to accentuate the slight relief (fig. 2). 
Articulated specimens were sorted into morpho- 
types based on size, body proportions, and 
details of the elytra, including shape, pattern, and 
microsculpture. The best-preserved specimen of 
each morphotype was photographed using a 
Nikon 16MP camera and Nikon Elements NIS 
software, illustrated using Adobe Illustrator, and 
informally described. Isolated elytra were also 
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FIG. 2. Comparison of specimen viewing methods. A. Solite specimen YPM IP 388741 (morphotype 
46) under alcohol. Note that elytral striae are not visible. B. Same specimen dry and tilted showing 


slight relief of striae. Scale bars: 1 mm. 


sorted into separate elytral morphotypes based 
on size, proportions, patterns, and microsculp- 
ture; the best preserved of each was photo- 
graphed, illustrated, and informally described. 
All distinct elytra with fair to excellent preserva- 
tion were included; fragmentary specimens or 
those with very poor preservation were omitted. 
All specimen measurements were taken using 
ImageJ software. For articulated specimens, 
length was measured from the most anterior part 
of the body (usually the anterior margin of the 
head, excluding appendages) to the tip of the 
abdomen or elytra (excluding any terminalia). 
Width was measured at the widest point, usually 
across the middle of the elytra. For isolated ely- 
tron specimens, measurements were taken at the 
longest and widest points. 


ABBREVIATIONS 


The majority of the specimens examined in 
this study are housed at the Virginia Museum of 
Natural History (VMNH) in Martinsville, Vir- 


ginia. The remaining specimens are housed at 
the American Museum of Natural History 
(AMNH) in New York, and the Yale Peabody 
Museum of Natural History (YPMNH) in New 
Haven, Connecticut. 


THE SOLITE BEETLES 


The Solite insect collections contain roughly 
1080 beetle specimens, which are almost evenly 
split between the Cow Branch and Walnut Cove 
formations. Many beetles from the Cow Branch 
Formation are fully articulated while those of 
the Walnut Cove Formation are almost exclu- 
sively represented by isolated elytra. The Walnut 
Cove specimens are also more friable, but have 
greater relief. To understand the beetle diversity 
in this deposit, each unique morphotype was 
illustrated and informally described. Where pos- 
sible, assignment to taxonomic rank below order 
is discussed. Classification of modern beetles is 
often based on antennal, mandibular, coxal, and 
tarsal structure, features that are not often pre- 
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served in lithified fossils. The two-dimensional 
and frequently dorsal preservation of the Solite 
specimens makes further classification especially 
difficult. Thus, with the exception of two previ- 
ously described species (Leehermania prorova 
Chatzimanolis et al., 2012 [Myxophaga] and 
Holcoptera solitensis Thomson et al., 2017 [Ade- 
phaga: Coptoclavidae]), the specimens herein are 
referred to as morphotypes and have not been 
assigned to families, genera, or species. In total, 
100 distinct morphologies are known from the 
Solite beetle fauna: 61 morphotypes from the 
articulated material, 37 morphotypes from the 
isolated elytra, and the two previously described 
species, L. prorova and H. solitensis. Because the 
morphologies of the isolated elytron specimens 
generally differ from those of the articulated 
specimens, there is little overlap between the 
two groups of morphotypes. In the few instances 
where an isolated elytron was similar to that of 
an articulated specimen, this was noted in the 
respective morphotype descriptions. 

ARTICULATED SPECIMENS: Including the 
already published Leehermania prorova (Chatzi- 
manolis et al., 2012) and Holcoptera solitensis 
(Thomson et al., 2017), there are 63 morpho- 
types of articulated beetles from the Solite 
deposit. Additional specimens exist, possibly 
belonging to unique morphotypes, but their 
preservation was too poor for examination and 
comparison. The articulated morphotypes dis- 
cussed herein generally have the head, prono- 
tum, and both elytra preserved; occasionally 
parts of the legs, antennae, and palps are also 
visible. Additionally, the majority of the Solite 
specimens are preserved in a dorsal view. All 
articulated morphotypes are from the younger 
Cow Branch Formation; only two articulated 
specimens were found in the Walnut Cove mate- 
rial, but the preservation of the first was too frag- 
mentary to examine, and the second was similar 
in habitus to Solite morphotype 16 (fig. 18) from 
the Cow Branch Formation. 

Specimens range in length from 1.6 mm to 
over 33 mm (fig. 3). Of the morphotypes where 
length is measurable, the vast majority (84%) are 
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less than 6 mm long (mean 4.5 mm, median 3.8 
mm). The remaining nine morphotypes range 
from 6.9 mm to 12.7 mm. Because many Solite 
beetles are preserved only as isolated elytra, 
examination of the elytra of the articulated speci- 
mens is necessary for comparison between the 
two assemblages. Elytra of the articulated beetles 
range in length from 0.8 mm to 8 mm (mean 3 
mm, median 2.6 mm), with the majority of mea- 
surable specimens (81%) being less than 4 mm 
in length. One additional specimen (morphotype 
61, figs. 66, 67) is greater than 33 mm in body 
length (elytra >21 mm in length, missing the api- 
cal portion) and is a clear outlier among the 
Solite beetles. 

There exists a wide variety of elytral micro- 
sculpture, patterning, and vestiture among the 
Solite beetles (fig. 4; table 1). Microsculpture 
refers to small structural features of relief of the 
cuticle, such as striae, nodules, punctures, and 
window punctures. Vestiture refers to hairlike 
structures including setae, setulae, and micro- 
trichia. Patterning refers to the color patterns 
present on some of the Solite elytra and may be 
caused by differing cuticular melanin contents 
(Wang et al., 2023). 

Of the 59 morphotypes preserved with the 
details of their elytra visible (i-e., preserved dor- 
sally or laterally), the majority are smooth and 
lacking in microsculpture (N = 33, 56%); seven 
of these have distinct color patterns. A smaller 
number (N = 20, 34%) are striate (one with a 
distinct color pattern), four are punctate (7%), 
and only two (3%) are covered in dense nodules 
(table 2). Specimens with smooth elytra have the 
greatest range in total body length (1.6-12 mm; 
elytra 1.2-8 mm). Striate specimens are a bit 
smaller, ranging from 2.2 mm to 8.5 mm in body 
length (elytron length 1.6-5.4 mm) and the four 
specimens with punctate elytra are larger (5.9- 
12.7 mm in body length; elytra 4.5-7.7 mm in 
length). The single very large specimen measur- 
ing over 33 mm in length (morphotype 61, figs. 
66, 67) possesses nodular elytra, as does a second 
much smaller specimen, morphotype 35 (fig. 
40), measuring 5.2 mm. 
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FIG. 3. Diversity of the articulated Solite beetles (above and opposite page). Specimens are drawn to the same 
scale. M# near each panel is the morphotype number; the largest, M61, is omitted. Scale bar: 1 mm. 
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FIG. 4. Examples of elytral microsculpture and vestiture found in the Solite beetles. A. Smooth, morpho- 
type 63. B. Striate, morphotype 90. C. Punctate, morphotype 76. D. Nodules, morphotype 70. E. Window 
punctures, morphotype 73. E. Setae, morphotype 31. Scale bars: A, D, F: 0.1 mm; B, C, E: 0.5 mm. 


ISOLATED EtyTrRA: Though isolated elytra do 
not possess sufficient diagnostic features for 
taxonomic classification, they are still useful for 
distinguishing beetle morphotypes. Some 
authors have used formal taxa to organize iso- 
lated elytra; we have chosen instead to organize 
the Solite deposit’s isolated elytra into elytral 
morphotypes in a similar way to that used for 
the articulated specimens. In this study, 37 ely- 
tral morphotypes have been separated: 29 from 
the Walnut Cove Formation and 8 from the 
Cow Branch Formation. 


Because of the lower preservation quality of 
the Walnut Cove fossils, many of the isolated ely- 
tral specimens are fragmentary. Of the 37 elytral 
morphotypes, length is measurable in 24 and 
ranges from 1.6 mm to 15 mm (mean 3.7 mm, 
median 2.9 mm; table 2). Additionally, larger ely- 
tra tend to be more fragmentary than smaller 
ones, with seven of the 13 remaining fragmen- 
tary morphotypes greater than 5 mm in length. 
Nineteen (51%) of the elytral morphotypes are 
striate, six (16%) are punctate, three (8%) are 
covered in distinct nodules, two (6%) have win- 
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TABLE 1 
Elytral Terminology 
Definitions of the microsculpture and vestiture types used to describe Solite beetle elytra. 
Term Definition 
Microsculpture Striae Long, narrow, parallel grooves in the cuticle; striate (adj.) 
Nodules Convex, pimplelike structures on the cuticle; nodular (adj.) 
Punctures Small pits or depressions in the cuticle, often rounded or circular; 


punctate (adj.) 


Window punctures 


Large, square punctures. In living archostematans with incompletely 


sclerotized elytra, these are the “cells” between the longitudinal veins 
and crossveins. 


Vestiture Setae 
Setulae 


Microtrichia 


dow punctures, and the remaining seven (19%) 
are smooth. Striate specimens make up the 
majority of the elytral morphotypes and range in 
length from 2.3 mm to over 7.5 mm. Morphot- 
ypes with punctures, as well as those with win- 
dow punctures, tend to be larger and more 
fragmentary with only three of the eight total 
morphotypes fully preserved; they range in 
length from >5.6 mm to 15 mm. The three nodu- 
lar specimens vary greatly in morphology; two 
are small (3.3 mm and 3.6 mm), and the other is 
>8.6 mm in length. The smooth elytral morpho- 
types are generally smaller than the others, rang- 
ing from 1.6 mm to 4.1 mm in length and are all 
fully preserved. Additionally, a few elytral speci- 
mens appear to have tubular veins along their 
margins. These veins are only present in speci- 
mens from the Walnut Cove Formation, which 
could be due to the more three-dimensional 
preservation of the specimens, or perhaps due a 
difference in the taxa preserved, which are esti- 
mated to be a few million years older than those 
of the Cow Branch Formation. 


MORPHOTYPE AND SPECIES ACCOUNTS 


The terms “part” and “counterpart” are used 
informally to denote whether both halves of the 
fossil have been recovered. Each description is 


Hairlike bristles with sockets 
Tiny, fine setae with sockets 


Microscopic, hairlike outgrowths of the cuticle; do not have sockets 


accompanied by a _ plate containing 
photomicrograph(s) of the morphotype and an 
illustration. For each illustration, solid lines 
denote preserved, discrete boundaries of body 
parts or striae; dotted lines denote indistinct 
boundaries, areas that were not preserved, or 
overlapping body parts. The illustration and the 
first photomicrograph of each plate share the 
scale bar located between them, unless otherwise 
noted. Many plates also include additional pho- 
tomicrographs of the counterpart (when pres- 
ent), morphological details of the specimen, and/ 
or specimens sharing a similar morphology. 


ARTICULATED MORPHOTYPE ACCOUNTS 
Morphotype 1 
Figure 5A, B 


DESCRIPTION: Small beetle (2.9 mm long, 1.7 
mm wide) preserved in dorsal view; preservation 
fair; part and counterpart. Head, pronotum, and 
elytra preserved. Head with broadly convex ante- 
rior margin, clypeal suture distinct; eyes large, 
located laterally. Pronotum rectangular, width 
~2.3x length, anterior and posterior margins 
parallel, anterolateral corners rounded, postero- 
lateral corners right-angled. Elytra smooth, 
length ~2.1x width; anterior margins roughly 
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TABLE 2 


Elytral Microstructure and Size 
Numbers and lengths of articulated and elytral morphotypes possessing each type of microsculpture. Specimens 
for which length is not fully measurable are omitted from the total length size ranges. 


Articulated Total Length 

Morphotypes (no.) (mm) 
Smooth 33 1.6-12 
Striate 20 2.2-8.5 
Punctate 4 5.9-12.7 
Nodular 2 5.2; >33 
Window 

0 — 

Punctures 
Elytral details 4 45-78 


not visible 


straight, sutural margins slightly convex, apices 
pointed; no lateral rim evident. Abdomen tip vis- 
ible between elytral apices. 

MarTERIAL: Single specimen, VMNH 95900. 

COMMENTS: Specimen not identifiable beyond 
order; somewhat similar in size and proportions 
to Cow Branch specimens VMNH 51302 and 
VMNH 95126, though poor preservation and 
generic shape preclude detailed comparisons. 


Morphotype 2 
Figure 5C, D 


DESCRIPTION: Small beetle (3.4 mm long, 1.8 
mm wide) preserved in dorsal view; preserva- 
tion fair; no counterpart. Head, pronotum, and 
elytra preserved. Head with concave anterior 
margin; eyes large, located laterally. Pronotum 
somewhat rectangular, width ~2.8x length, 
anterior and posterior margins roughly straight 
and parallel; anterolateral corners minutely 
pointed, posterolateral corners rounded. Scutel- 
lum large, triangular; anterior margin indis- 
tinct. Elytra preservation coarse, apparently 
smooth, lacking microsculpture and setae; 
length ~2.6x width; anterior margins convex, 
sutural margins straight; apices bluntly pointed; 


Elytron Length | Elytral Morphotypes — Elytron Length 
(mm) (no.) (mm) 
0.8-8 a 1.6-4.1 
1.6-5.4 19 2.3 to >7.5 

4.5-7.7 6 >5.6-15 

2.3% >21 3 3.3 to >8.6 
— 2 >6.4; >7.6 

1.8-3.6 — — 


thin lateral rim evident. Abdomen tip visible 
between elytral apices. 
MartERIAL: Single specimen, YPM IP 036448. 
COMMENTS: Specimen not identifiable beyond 
order; similar to Cow Branch specimen YPM IP 
388870, though differences in pronotum shape 
indicate separate morphotypes. 


Morphotype 3 
Figure 6A, B 


DESCRIPTION: Small specimen (3.1 mm long, 2 
mm wide) preserved in dorsal view; preservation 
fair; part and counterpart. Head, pronotum, pos- 
sible minute fragments of leg, and elytra pre- 
served. Head with slightly expanded preorbital 
area, anterior margin convex. Eyes apparently 
widely separated; left eye well preserved, right eye 
indistinct. Pronotum roughly rectangular, width 
2.5x length, anterolateral corners pointed; median 
line distinct. Partial scutellum visible, apex 
pointed. Elytra smooth, length roughly 2x width, 
widest at basal margin and tapering apically; ante- 
rior and sutural margins straight; anterolateral 
corners rounded, thin lateral rim visible on right 
elytron; apices dully pointed. Two fragments vis- 
ible on left side of body, likely part of the legs. 
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MATERIAL: Single specimen, AMNH 04-93. 

COMMENTS: Specimen not identifiable beyond 
order; does not resemble any other beetle from 
the Solite deposit. 


Morphotype 4 
Figure 6C, D 


DESCRIPTION: Small beetle (4 mm long, ~2.7 
mm wide, estimated with elytra closed) pre- 
served in a dorsal, slightly oblique view; preser- 
vation good; no counterpart. Head, pronotum, 
scutellum, three partial legs, both elytra, and 
faint portion of abdomen preserved. Eyes and 
anterior margin of head indistinct. Pronotum 
wide, fairly short, with small, slightly pointed 
anterolateral and posterolateral corners. Scutel- 
lum somewhat distorted, roughly triangular in 
shape with rounded corners. Three partial legs 
preserved: two left legs with thick femora and 
slender, elongate tibiae (width ~0.3x that of 
femur), lower leg with two tarsi and two tarsal 
claws visible; right leg poorly preserved with 
only partial femur and tibia. Elytra smooth, 
wider at anterior end, tapering slightly to a 
widely rounded point at apex; sutural margin 
straight; thin, lateral rim possibly present; elytra 
spread, showing poorly preserved abdomen 
beneath. At least four abdominal segments visi- 
ble, lateral margins unclear. 

MATERIAL: Single specimen, VMNH 129480. 

COMMENTS: Specimen not identifiable beyond 
order; does not resemble any other beetle from 
the Solite deposit. 


Morphotype 5 
Figure 7A-E 


DESCRIPTION: Small specimen (3.2 mm long) 
preserved in dorsal view; preservation good; part 
and counterpart. Head, pronotum, elytra, and 
abdomen preserved. Body ovate. Anterior por- 
tion of head triangular, clypeal suture faint; eyes 
large, laterally located. Pronotum preserved 
asymmetrically, somewhat pentagonal in shape; 
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anterior margin strongly concave, posterior mar- 
gin pointed medially, anterolateral corners 
pointed, posterolateral corners rounded. Elytra 
smooth, preserved with substantial relief; length 
1.9x width, anterior margins roughly straight, 
sutural margins convex, apices sharply pointed; 
preservation too coarse for observation of setulae 
or microsculpture. Abdomen preserved between 
spread elytra, four tergites visible. 

MATERIAL: Illustration and description based 
on VMNH 95086. Three additional specimens 
possibly belonging to this morphotype: VMNH 
51275, VMNH 94862, and YPM IP 034686. 

COMMENTS: Specimen not identifiable beyond 
order; however, overall proportions and prono- 
tum shape resemble those of Phoroschizus (= 
Schizophorus; Bouchard and Bosquet, 2020) 
crassus from the Jurassic of Kazakhstan (Pono- 
marenko, 1968). Body shape also somewhat 
common in the Solite deposit: similar to three 
other articulated specimens as well as isolated 
elytron morphotype 64 (fig. 68E, F). 


Morphotype 6 
Figure 8A-D 


DESCRIPTION: Small beetle (1.6 mm long) 
preserved in a dorsal, somewhat oblique view 
with some relief; preservation excellent; part and 
counterpart. Head, pronotum, elytra, abdomen, 
and possible hind-wing tip preserved. Body sur- 
face heavily sclerotized. Head partially recessed 
beneath pronotum, anterior margin broadly 
rounded; eyes indistinct. Pronotum with straight 
anterior margin, anterolateral corner slightly 
projecting forward; posterior margin pointed 
medially. Elytra appear strongly convex; smooth, 
heavily sclerotized, covered in fine setae; length 
roughly 1.6x width; basal margins straight, 
sutural margins convex, apices sharply pointed; 
thin rim along lateral margins. Abdomen visible 
between spread elytra, six subequal segments 
preserved. Possible tip of hind wing extended 
past elytral apex. 

MATERIAL: Single specimen, VMNH 53853. 
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CoMMENTSs: Specimen bears a resemblance to 
the basal polyphagan family, Clambidae; does 
not resemble any other beetle from the Solite 
deposit. 


Morphotype 7 
Figure 9A-D 


DESCRIPTION: Small specimen (3.2 mm long, 
2.2 mm wide) preserved in dorsal view; preser- 
vation good; part and counterpart. Head with 
eyes, pronotum, four partial legs, and elytra pre- 
served. Body short, ovate. Head short, length 
0.25x width; frontoclypeal suture straight; eyes 
large, laterally located, partially hidden by pro- 
thorax. Pronotum somewhat trapezoidal, length 
2.8x width, anterior and posterior margins 
roughly straight and transverse; anterolateral 
corners small, pointed; posterolateral corners 
rounded. Small scutellum visible, ovate. One leg 
fragment on left side of body; three partial legs 
on right side: all with partial tibiae and tarsi; 
hind tibia with very short fringe of setae along 
margin. Elytra smooth, length roughly 2x the 
width; basal margins straight, apices rounded; 
wide epipleural rim present. Abdomen not 
preserved. 

MarTERIAL: Single specimen, VMNH 90298. 

COMMENTS: Specimen not identifiable beyond 
order; does not resemble any other beetle from 
the Solite deposit. 


Morphotype 8 
Figure 1OA-E 


DESCRIPTION: Small beetle (2.8 mm long, 1.9 
mm wide) preserved in dorsal view; preservation 
fair; part and counterpart. Head, partial prono- 
tum, and partial elytra preserved with little 
detail. Body shape somewhat resembling that of 
Pentatomidae (Hemiptera: Heteroptera). Head 
with flat anterior margin and small, widely sepa- 
rated eyes. Pronotum much wider than head, 
anterior margin wide, fairly straight, with 
rounded anterior corners; posterior margin not 
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preserved. Elytra smooth, entirely lacking 
microsculpture and vestiture; anterior portion 
subequal in width to pronotum; anterior margins 
not preserved, sutural margins straight, lateral 
rim thin, apices gently pointed. 

MATERIAL: Single specimen, AMNH 04-90. 

COMMENTS: Specimen not identifiable beyond 
order; does not resemble any other beetle from 
the Solite deposit. 


Morphotype 9 
Figure 11A—D 


DESCRIPTION: Small specimen (1.7 mm long 
excluding terminalia, 0.7 mm wide) preserved in 
dorsal view; preservation good; no counterpart. 
Head, pronotum, one partial leg, both elytra, and 
terminalia preserved. Body elongate, somewhat 
streamlined, fusiform. Head with pointed ante- 
rior margin; eyes large, widely separated. Prono- 
tum entirely smooth, anterior margin concave, 
thin lateral rim; antero- and posterolateral cor- 
ners pointed. Scutellum small, triangular. Elytra 
entirely smooth, length 4x width, narrowing api- 
cally; anterior margins convex, sutural margins 
straight, apices rounded; lateral rim thin; a shal- 
low shelf or furrow near outer margin of each 
elytron. Abdomen tip preserved showing partial 
genitalia; specimen appears to be male. 

MATERIAL: Single specimen, AMNH 04-77. 

COMMENTS: Specimen not identifiable beyond 
order; does not resemble any other beetle from 
the Solite deposit. 


Morphotype 10 
Figure 12A, B 


DESCRIPTION: Small beetle (3 mm long, 1.2 mm 
wide) preserved in dorsal view; preservation good; 
no counterpart. Head, pronotum, one small leg frag- 
ment, elytra, and possible abdomen tip preserved. 
Body somewhat streamlined, faintly fusiform. Head 
large, anterior margin strongly convex and bluntly 
pointed, curved lobe or fold near posterior margin; 
eyes widely separated. Pronotum width approxi- 
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mately 1.5x length, lateral margins convex, antero- 
lateral corners pointed; disc raised in center. Faint 
trace of small, rounded scutellum. One small leg 
fragment visible on right side of body. Elytra smooth, 
entirely lacking microsculpture and vestiture, length 
3.3x width, sutural margins straight, apices pointed; 
very thin lateral rim. Possible trace of terminal 
abdominal segment visible between elytra. 

MATERIAL: Single specimen, AMNH 04-88. 

COMMENTS: Specimen not identifiable beyond 
order; does not resemble any other beetle from 
the Solite deposit. 


Morphotype 11 
Figure 13A, B 


DESCRIPTION: Small specimen (3.5 mm long, 
1.3 mm wide) preserved in dorsal view; preser- 
vation good; no counterpart. Head with anten- 
nae and mouthparts, pronotum, leg fragments, 
and elytra preserved. Head rectangular, length 
0.7x width; eyes large, widely separated; labrum 
visible, anterior margin strongly concave; palp 
and antennal segmentation obscure. Pronotum 
somewhat rectangular, length 0.6x width, medial 
sulcus well defined posteriorly; anterior margin 
slightly concave; posterior margin convex, pro- 
notum length decreases medially producing a 
bilobed appearance; anterolateral corners nearly 
right-angled, posterolateral corners broadly 
rounded. Fragments of four legs preserved, seg- 
ment determination difficult. Elytra smooth, 
elongate, length 3.5x width; sutural margins 
straight, thin lateral rim visible on left elytron. 
Abdomen not preserved. 

MATERIAL: Single specimen, VMNH 51912. 

COMMENTS: Specimen not identifiable beyond 
order; does not resemble any other beetle from 
the Solite deposit. 


Morphotype 12 
Figure 14A—D 


DESCRIPTION: Medium-sized beetle (6.9 mm 
long, 3.1 mm wide) preserved in dorsal view; 


preservation fair; part and counterpart. Prono- 
tum, elytra, abdomen, and fragments of all six legs 
preserved. Head not visible, likely hidden beneath 
pronotum; possible eyes visible beneath; basal 
portion of both antennae preserved, segmentation 
obscure. Scutellum faint, ovate. Six partial legs 
preserved, relatively slender, all with partial fem- 
ora, five with partial tibiae; hind leg on right side 
with three tarsal segments visible. Elytra smooth, 
length 3.4x width; basal margins rounded, sutural 
margins straight, apices pointed; thin rim along 
sutural margins. Abdomen visible between elytral 
apices; three segments preserved. 

MarTERIAL: Single specimen, VMNH 51273. 

COMMENTS: Specimen not identifiable beyond 
order; coarse preservation makes comparison to 
other Solite specimens difficult. 


Morphotype 13 
Figure 15A—D 


DESCRIPTION: Small beetle (4.5 mm long, 2 
mm wide) preserved in ventral view (counter- 
part in dorsal view); preservation good. Partial 
head, thorax, four partial legs, elytra, and 
abdominal sternites preserved. Head with 
straight anterior margin; eyes large, closely 
spaced. Pronotum with convex lateral margins, 
length ~0.7x width. Two ventral sclerites pre- 
served: upper one quadrate, length 0.4x width; 
lower one triangular, corners rounded. Four 
partial legs preserved: two forelegs with pos- 
sible femora, one middle leg with femur and 
partial tibia, one hind leg with tibia and/or 
tarsus; hind leg with fringe of fine, very faint 
setae along outer margin. Elytra smooth, elon- 
gate, length ~3.5x width; basal margins con- 
vex, apices pointed. Abdomen with three full 
sternites visible, subequal in length; apex of 
abdomen not preserved. 

MaTERIAL: Single specimen, VMNH 51271. 

COMMENTs: Specimen possibly aquatic due to 
fringe of hairs on hind leg, though setae are rela- 
tively short compared to those of a typical swim- 
ming fringe. Not identifiable beyond order. 
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Ventral preservation (and poor preservation of 
dorsal counterpart) makes comparison to other 
Solite specimens difficult. 


Morphotype 14 
Figure 16A—C 


DESCRIPTION: Small beetle (3.6 mm long, 1.7 
mm wide) preserved in dorsal view; preservation 
excellent; no counterpart. Head, both antennae, 
pronotum, four partial legs, elytra, and partial 
abdomen preserved. Head with slightly concave 
anterior margin and large eyes; two small palp 
segments visible on right side. Antennae long, 
filiform, both partially preserved: left with 9 seg- 
ments, right with 7 segments; segment length 
1.5-3x width. Pronotum slightly wider than 
head, posterior margin slightly wider, overall 
shape roughly trapezoidal. Four partial legs vis- 
ible: three on right side, one on left side. Femora 
elongate, tibiae slender. Elytra smooth, length 
~3x width, basal margins rounded, sutural mar- 
gins straight, apices coming to a rounded point. 
Abdomen partially preserved with five segments 
and lateral margins visible beneath elytra. 

MATERIAL: Single specimen, VMNH 51944. 

COMMENTS: Specimen not identifiable beyond 
order; does not resemble any other beetle from 
the Solite deposit. Specimen formerly published 
as VMNH 3113 (Fraser et al., 2017). 


Morphotype 15 
Figure 17A—D 


DESCRIPTION: Medium-sized beetle (7.8 mm 
long, 3.6 mm wide) preserved in ventral view; 
preservation excellent; part and counterpart. 
Head, thorax, six partial legs, and abdominal 
ventrites preserved. Head somewhat triangular 
in shape, anterior margin only partially visible, 
ventral details not apparent; left antenna with 
single basal segment preserved, right antenna 
filiform, 8 subequal segments visible. Prothorax 
rectangular, corners rounded; anterior margin 
slightly concave, posterior margin straight; lat- 
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eral margin roughly straight; pair of circular 
structures posteromedially, likely procoxae; 
partial forefemur and foretibia visible on left 
side, femur stout. Meso- and metathorax pre- 
served, margin between segments indistinct; 
pair of circular mesocoxae located anteromedi- 
ally; mesepimeron preserved on left side, rect- 
angular; partial femur on left side between 
lateral margins of pro- and mesothorax. Meta- 
thorax with elongate, transverse metacoxal 
plates, width of plates 2.4x length, narrowing 
laterally; metepisternum preserved on left side, 
elongate, length >4x width; partial hind femora 
and tibiae present, right femur 2x as long as 
wide, tibiae at least 7x as long as wide. Elytra 
mostly obscured by ventral preservation; epi- 
pleuron wide, apices pointed. Abdomen with 
five ventrites preserved. 

MATERIAL: Single specimen, VMNH 51991. 

COMMENTS: Specimen not identifiable beyond 
order, though suborder Adephaga can be 
excluded based on ventral morphology; ventral 
preservation makes comparison to other Solite 
specimens difficult. 


Morphotype 16 
Figure 18A, B 


DESCRIPTION: Small specimen (5.5 mm long, 
1.8 mm wide) preserved in ventral view; pres- 
ervation excellent; no counterpart. Head with 
partial mouthparts and antennae, thorax, six 
legs, and abdomen preserved. Head ovate, 
length roughly equal to width; anterior margin 
obscured by mouthparts, likely apical palp seg- 
ments; eyes large, narrowly separated. Antennae 
long, filiform, attach just anterior to eyes: left 
antenna with stout scape and three slender flag- 
ellomeres; right antenna with at least nine seg- 
ments, slender, elongate. Prothorax rectangular, 
anterior margin strongly concave, lateral and 
posterior margins straight; anterolateral corners 
bluntly pointed. Pair of triangular sclerites pos- 
teromedially, likely procoxae; forelegs with par- 
tial femora, slender tibiae, and partial tarsi 
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(four tarsomeres on left leg, two partial seg- 
ments on right leg). Middle legs with possible 
coxae, partial trochanters, femora, tibiae, and 
partial tarsi; coxae circular, trochanters small, 
asymmetrically preserved; femora stout, length 
3.5x width, narrowing basally; tibiae very long, 
slender, length ~13x width; left middle tibia 
covered in minute setae; left middle leg with 
one tarsal segment preserved, right middle leg 
with three full and one partial segment pre- 
served, basal segment elongate, length almost 
twice that of following segments. Margin of 
meso- and metathorax not preserved. Middle 
and hind legs widely separated. Hind legs with 
femora and partial tibiae, proportions similar to 
those of middle legs; left hind leg with one par- 
tial tarsal segment. Elytral surface obscured by 
ventral preservation; epipleuron wide, apices 
bluntly pointed. Abdomen with at least four 
ventrites visible; concavity of segment margins 
increases posteriorly. 

MATERIAL: Illustration and description based 
on VMNH 211462. One additional specimen 
(VMNH 95041) possibly belonging to this 
morphotype. 

COMMENTS: Specimen not identifiable beyond 
order; ventral preservation makes comparison to 
other Solite specimens difficult. Very similar 
morphology to Walnut Cove specimen VMNH 
95041 (5 mm long), though coarser preservation 
of that specimen prevents detailed comparison. 


Leehermania prorova Chatzimanolis et al., 2012 
Figure 19A-F 


DESCRIPTION: Small beetle (2.8 mm long, 0.8 
mm wide, excluding terminalia) preserved in 
dorsal view; preservation excellent; part and 
counterpart. Head with eyes, mouthparts, and 
one antenna, pronotum, scutellum, elytra, and 
abdomen with terminalia preserved. Body elon- 
gate, covered in dense microsetae. Elytra rectan- 
gular, truncated, abdomen extending well beyond 
elytral apices. See Chatzimanolis et al. (2012) for 
a full description of this species. 
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MATERIAL: Illustration and description based 
on the holotype specimen, VMNH 49570. Fifty 
additional specimens are known: VMNH 49628, 
49629, 50055, 50064, 50099, 50109, 50129, 
50174, 50251, 50277, 51436, 51670, 51899, 
53953, 54172, 54211, 90263, 90351, 91722, 
93581, 93648, 94304, 94434, 94435, 94705, 
94871, 94943, 94997, 95052, 95632, 95936, 
96371, 96417, 96550, 96857, 97672, 97930, 
98140, 98699, YPM IP 001147, 003131, 003146, 
034677, 034689, 036447, 388866, 388885, 388907, 
388914, and 527944. 

ComMENTs: There are 51 known specimens of 
Leehermania in the Solite material, all from the 
Cow Branch Formation. Morphotype 17 (fig. 20) 
is similar to this species in its shortened elytra 
and ringlike abdominal segments; however, dif- 
ferences in antennal shape indicate separate taxa. 
Leehermania was originally described as a staph- 
ylinid, but Fikacek et al. (2020) later suggested 
that the species belongs to an extinct lineage 
similar to modern Hydroscaphidae (Myxophaga) 
based on a number of characters, including ring- 
like abdominal segments lacking paratergites and 
compound eyes that do not protrude. Holotype 
specimen formerly published as VMNH 734 
(Chatzimanolis et al., 2012). 


Morphotype 17 
Figure 20A-D 


DESCRIPTION: Very small specimen (2.2 mm 
long, excluding terminalia) preserved in lateral 
view; preservation excellent; part and counter- 
part. Head with mouthparts and antennae, pro- 
notum, three partial legs, elytra, and abdomen 
with terminalia preserved. Head round, proba- 
ble frontoclypeal suture and pair of palps, each 
with two segments visible. Eyes indistinct. 
Antennae very well preserved, distinctly clavate; 
11 segments visible on one, 9 on other; terminal 
three segments ~2x wider and longer than 
other segments and with sparse setae. Prono- 
tum length 1.3x length of head, margins straight 
to slightly curved. Three partial legs (one fore, 
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one middle, one hind) poorly preserved, seg- 
ment determination not possible. Elytra 
smooth, truncate, rectangular, extending just 
past first abdominal segment; length roughly 
2.2x width. Abdomen well preserved with 6 dis- 
tinct segments, apparently ringlike; 7th visible 
segment with lateral tergal sclerites, possibly 
female genitalia (as in Leehermania, Fikacek et 
al., 2020). Sparse setae scattered on abdomen 
and terminalia. 

MATERIAL: Single specimen, VMNH 50075. 

ComMENTs: Similar in shortened elytra and 
ringlike abdominal segments to Leehermania 
prorova (Chatzimanolis et al., 2012; fig. 19), also 
from the Cow Branch Formation; however, dif- 
ferences in antennal shape and lack of dense 
setae covering body indicate separate taxa. Speci- 
men possibly related to Leehermania (Myxoph- 
aga; Fikacek et al., 2020). Formerly published as 
VMNH 1244 (Fraser et al., 2017). 


Morphotype 18 
Figure 21A, B 


DESCRIPTION: Small beetle (2.9 mm long) 
preserved in lateral view, preservation fair; part 
and counterpart. Head with mouthparts, thorax, 
one elytron, abdomen, and two partial legs pre- 
served. Head roughly quadrate, anterior and pos- 
terior margins roughly straight; mandibles 
preserved, large, triangular, somewhat overlap- 
ping. Eyes large. Pronotum somewhat rectangu- 
lar, length equal to that of head; anterior margin 
slightly concave, anterolateral corner rounded. 
Partial thorax visible beneath pronotum and ely- 
tron, at least five sclerites visible, margins faint. 
Two partial legs preserved: one with expanded, 
ovate segments, possibly femur and tibia; second 
also with possible femur and tibia, segments nar- 
rower than those of other leg. Elytron smooth, 
basal margin straight, apex broadly rounded. 
Abdomen apparently squashed (best viewed in 
counterpart); six-segmented, segments decrease 
in length apically. 

MATERIAL: Single specimen, VMNH 95059. 
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COMMENTS: Specimen not identifiable beyond 
order; does not resemble any other beetle from 
the Solite deposit, though lateral preservation 
makes comparison challenging. 


Morphotype 19 
Figure 22A, B 


DESCRIPTION: Very small beetle (1.9 mm 
long) preserved in lateral view, preservation 
fair; no counterpart. Partial head, pronotum, 
partial legs, one elytron, and partial abdomen 
preserved. Head poorly preserved, details indis- 
tinct. Pronotum small, lateral margin broadly 
rounded. Lateral portion of thorax visible, seg- 
ments indistinct; one sclerite visible medially, 
triangular. Six partial legs preserved: one fore- 
leg with femur and partial tibia, two fragments 
of other foreleg, one middle leg with femur and 
tibia, other middle leg with only partial femur, 
both hind legs with femora and tibiae; femora 
stout, length ~2.8x width; tibiae slender, elon- 
gate; tarsi not preserved. Elytra appear smooth, 
preservation coarse; anterior margin convex, 
lateral margin strongly concave medially, pos- 
sibly an artifact of preservation; apex not pre- 
served. Abdomen visible beneath elytron, four 
subequal segments preserved, apex pointed. 

MATERIAL: Single specimen, VMNH 94513. 

COMMENTS: Specimen not identifiable beyond 
order; one of the few very small specimens in the 
Solite deposit; does not resemble any other Solite 
beetle. 


Morphotype 20 
Figure 23A, B 


DESCRIPTION: Small specimen (2.5 mm long) 
preserved in lateral view, preservation fair; no 
counterpart. Head, pronotum, elytra, and partial 
abdomen preserved. Head with anterior and lat- 
eral margins indistinct, posterior margin straight; 
eyes not preserved. Pronotum length subequal to 
that of head; anterior margin straight, posterior 
margin with a concave “notch” laterally, postero- 
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lateral corner somewhat pointed. Elytra smooth, 
no microsculpture or vestiture apparent; anterior 
margins convex, apices bluntly pointed. Abdo- 
men partially visible beneath elytra with at least 
six ventrites, apex not preserved. 

MarERIAL: Single specimen, YPM IP 036445. 

COMMENTS: Specimen not identifiable beyond 
order; lateral preservation makes comparison to 
other Solite beetles difficult. 


Morphotype 21 
Figure 24A, B 


DESCRIPTION: Small specimen (4.9 mm long) 
preserved in lateral view, preservation fair; part 
and counterpart. Head, pronotum, partial legs, 
and elytra preserved. Head with straight anterior 
and posterior margins; one eye visible, laterally 
located. Pronotum length 1.3x that of head, lon- 
gest medially; anterior margin slightly concave, 
anterolateral corner rounded, lateral margin 
straight, posterolateral corner obtuse. Three par- 
tial legs and additional leg fragments preserved, 
legs relatively short; two forelegs with stout fem- 
ora and partial tibiae; frontmost leg with quad- 
rate trochanter and partial tarsus; middle and 
hind legs too fragmentary for determination of 
segments. Elytra apparently smooth, preserva- 
tion coarse; wide lateral rim, apex broadly 
rounded. Abdomen not preserved. 

MATERIAL: Illustration and description based 
on VMNH 51491. One additional specimen pos- 
sibly belonging to morphotype: VMNH 50185. 

COMMENTS: Specimen not identifiable beyond 
order; somewhat resembles VMNH_ 50185, 
though partial preservation of that specimen 
makes detailed comparison difficult. 


Morphotype 22 
Figure 25A-C 


DESCRIPTION: Small beetle (5.5 mm long) 
preserved in lateral view; preservation good; 
part and counterpart. Head, pronotum, five 
partial legs, one elytron, and abdomen pre- 
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served. Head with possible clypeus and one 
mandible preserved; eyes large, laterally located. 
Pronotum length 1.3x that of head, anterior 
margin straight, lateral margin convex. Five 
partial legs preserved: two frontmost legs with 
partial trochanters; all legs with elongate, slen- 
der femora and tibiae, tibiae increase slightly in 
width apically; hind tibia length ~9x width; 
hind leg also with partial tarsus, segmentation 
obscure. Elytron smooth, lacking microsculp- 
ture; basal margin straight, apex bluntly pointed. 
Abdomen with five segments visible, subequal 
in length; apex pointed. 

MATERIAL: Single specimen, VMNH 51822. 

COMMENTS: Specimen not identifiable beyond 
order. Lateral preservation makes comparison 
difficult, but specimen does not resemble any 
other beetle from the Solite deposit. 


Morphotype 23 
Figure 26A-D 


DESCRIPTION: Small beetle (4.8 mm long) 
preserved in lateral view; preservation excel- 
lent; part and counterpart. Head with mouth- 
parts and single antenna, pronotum, partial 
legs, elytra, and abdomen preserved. Head 
large, hypognathous; single eye visible. One 
antenna with four segments preserved, basal 
two segments short, rectangular; apical two 
elongate. Mouthparts preserved: possible palp 
with at least three segments, last segment 
increasing in width apically; probable labium, 
segments indistinguishable. Pronotum sub- 
equal in length to head, margins straight to 
slightly curved, anterolateral corner near right- 
angled. Thorax visible beneath pronotum, seg- 
mentation obscure. Four partial legs preserved. 
One foreleg with partial femur, tibia, and tar- 
sus; femur poorly preserved; tibia elongate, 
covered in very fine setae; tarsus five-seg- 
mented: first three segments short, rectangular; 
fourth segment elongate, with pointed lobe api- 
cally; fifth segment elongate, slender. Middle 
leg with trochanter, femur, and partial tibia; 
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trochanter circular; femur narrow basally, 
swollen distally; tibia elongate, with few short 
setae along lateral margin. Hind leg with pos- 
sible trochanter, femur, tibia, and partial tarsus; 
trochanter faint, rounded; femur thick, not pre- 
served basally; tibia elongate, slender; tarsus 
with five segments visible: first segment elon- 
gate, length at least 4x width; other segments 
decreasing in length apically. Three additional 
isolated tarsal segments visible along ventral 
margin of abdomen, likely from other hind leg. 
Elytra smooth, margins indistinct. Abdomen 
with six partial segments preserved. 

MATERIAL: Single specimen, VMNH 97984. 

COMMENTS: Specimen not identifiable beyond 
order; lateral preservation makes comparison to 
other Solite specimens difficult. 


Morphotype 24 
Figure 27A-D 


DESCRIPTION: Medium-sized beetle (12 mm 
long) preserved in a lateral, slightly oblique 
view; preservation good; part and counterpart. 
Head, pronotum, three partial legs, elytra, and 
abdomen preserved. Head with convex anterior 
margin; poorly preserved mouthparts (possibly 
mandibles) visible; eyes large, closely spaced, 
dorsal. Pronotum short, lateral margins not well 
preserved. Three partial legs visible; legs appar- 
ently short with short femora and tibiae. Fore- 
and middle legs with partial femora and tibiae. 
Hind leg with partial femur, tibia, five tarsal 
segments, and tarsal claw; tarsal segments sub- 
equal in length; tarsal claw about as long as tar- 
someres. Elytra smooth, lacking microsculpture 
and vestiture; lateral rim distinct, wide; anterior 
margin convex, wide lateral band of sclerotiza- 
tion present, apex gently pointed. Abdomen 
fragmentary, at least three segments visible; 
apex indistinct. 

MarTERIAL: Single specimen, VMNH 49593. 

CoMMENTs: Specimen probably belonging to 
Phoroschizidae (= Schizophoridae; Bouchard 
and Bousquet, 2020). Though somewhat larger 


NO. 467 


in overall length, resembles Solite morphotype 
25 (fig. 28). Specimen formerly published as 
VMNH 758 (Fraser et al., 2017). 


Morphotype 25 
Figure 28A, B 


DESCRIPTION: Medium-sized beetle (>7.4 
mm in length) preserved in lateral view; pres- 
ervation fair; no counterpart. Head, pronotum, 
two partial legs, one partial elytron, and partial 
abdomen visible; posterior end of specimen not 
preserved. Head with broad anterior margin; 
one eye preserved, laterally located; terminal 
2.5 antennal segments visible near posterolat- 
eral corner of head; terminal segment slightly 
conical, penultimate segment shorter. Prono- 
tum short, broad, rectangular, margins roughly 
straight and wrapping laterally. Part of thorax 
visible below elytron. Two partial legs pre- 
served: foreleg with femur and partial tibia; 
middle leg with femur, partial tibia, tarsus, and 
two tarsal claws; femora short, stout; middle 
femur subequal to length of tibia; tarsal seg- 
ments indistinct. Elytron apparently smooth, 
lacking microsculpture and vestiture, basal 
margin slightly convex; thin lateral rim visible 
posteriorly; apex not preserved. Abdomen 
showing four complete segments, abdominal 
apex not preserved. 

MATERIAL: Single specimen, AMNH 04-81. 

CoMMENTs: Specimen possibly belonging to 
Phoroschizidae (= Schizophoridae; Bouchard 
and Bousquet, 2020); somewhat similar to Solite 
morphotype 24 (fig. 27). 


Morphotype 26 
Figure 29A-E 


DESCRIPTION: Medium-sized beetle (11.4 mm 
long, 5.6 mm wide) preserved in dorsal view; 
preservation excellent; part and counterpart. 
Head, pronotum, scutellum, elytra, and abdomen 
tip preserved. Much of body covered in dense, 
minute, very fine microtrichia. Head trapezoidal, 
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roughly half the width of pronotum, medial por- 
tion raised and covered in microtrichia; anterior 
and lateral margins straight; eyes small, located 
laterally. Pronotum with slightly concave anterior 
margin, posterior margin convex, forming obtuse 
angle medially; anterolateral and posterolateral 
corners somewhat rounded; disc raised medially; 
microtrichia dense medially and thinning later- 
ally; pronotum 0.7x width of elytra. Scutellum 
large, triangular; lateral margins curved; anterior 
margin not preserved. Elytra with dense micro- 
trichia covering entire surface; length 2.9x width; 
anterior and sutural margins straight, anterolat- 
eral corners somewhat squared, apices pointed; 
epipleural rim very wide. Abdomen tip visible 
between elytral apices; at least four abdominal 
segments visible beneath elytra. 

MarTERIAL: Single specimen, VMNH 49650. 

COMMENTS: Specimen not identifiable beyond 
order; does not resemble any other beetle from 
the Solite deposit. 


Morphotype 27 
Figure 30A-—D 


DESCRIPTION: Small specimen (4.3 mm long, 
3.3 mm wide) preserved in dorsal and some ven- 
tral views; preservation good; no counterpart. 
Partial head and thorax, two leg fragments, ely- 
tra, and abdomen preserved. Head ovate, 
recessed beneath pronotum; eyes located later- 
ally. Two partial leg fragments visible, elongate, 
possibly tibiae. Elytra covered in dense, fine, 
short setae; basal and sutural margins slightly 
convex, apices pointed, length ~2.5x width. 
Abdomen with five short tergites visible between 
elytral apices. 

MATERIAL: Illustration and description based 
on VMNH 98157. One additional specimen pos- 
sibly included in morphotype: VMNH 94100. 

COMMENTS: Specimen not identifiable beyond 
order; preserved in an orientation similar to that 
of VMNH 94100, though that specimen is 
slightly smaller (2.8 mm long), and setae are not 
clearly visible on the elytra. 


Morphotype 28 
Figure 31A-E 


DESCRIPTION: Small specimen (3.9 mm long, 
1.4 mm wide) preserved in an oblique, dorsal 
view; preservation excellent; part and counter- 
part. Head, two possible antennal fragments, 
pronotum, and elytra preserved. Head roughly 
oval in shape with two short, faint sutures or 
sulci along anterior margin; eyes large, located 
dorsally, very narrowly separated. Faint trace of 
two possible antennal segments visible above 
head. Pronotum roughly trapezoidal in shape, 
preserved asymmetrically; anterior margin 
straight, width increasing posteriorly, posterolat- 
eral corners curved, forming sharp points; rect- 
angular color markings along anterior and 
posterior margins. Scutellum small, triangular, 
corners rounded. Elytra preserved obliquely, 
length ~3x width; anterior margins convex, lat- 
eral and sutural margins roughly straight, paral- 
lel, reaching dull point at apex. Distinct color 
pattern preserved; 8 melanized markings of 
irregular shape arranged along entire elytral sur- 
face (best seen in right elytron). Setae long, dense 
on markings, less dense between markings. 
Abdomen not visible. 

MarERIAL: Single specimen, AMNH 04-57. 

COMMENTS: Specimen not identifiable 
beyond order. Color pattern reminiscent of 
some archostematans (e.g., Jarzembowski et al., 
2015) and similar to that of Solite morphotypes 
29 and 30 (figs. 32, 33), though pronotum dif- 
fers significantly from that of morphotype 30; 
specimens perhaps belonging to the same or 
similar genera. 


Morphotype 29 
Figure 32A—D 


DESCRIPTION: Small beetle (3.6 mm long, 
1.4 mm wide) preserved in a dorsal, slightly 
oblique view; preservation excellent; part and 
counterpart. Head, antennae, pronotum, and 
elytra with color pattern and setae preserved. 


22 BULLETIN AMERICAN MUSEUM OF NATURAL HISTORY 


Head oblong, sinuous color marking anteri- 
orly; eyes large, located dorsally, very narrowly 
separated. Both antennae preserved; left 
antenna complete with 11 short segments, fili- 
form; right antenna partial, six segments visi- 
ble. Pronotum semicircular, width decreasing 
posteriorly; length 0.5x width at widest point; 
anterior margin straight, anterolateral corners 
rounded, posterior margin strongly convex. 
Sinuous color marking along posterior margin; 
color marking covered in dense setae. No scu- 
tellum visible. Elytra preserved somewhat 
obliquely, length ~3.2x width; anterior mar- 
gins convex, lateral and sutural margins 
roughly straight, parallel; apex pointed. Dis- 
tinct color pattern preserved; pigmented areas 
irregular in shape, 10 on left elytron, eight on 
right; covered in long, dense setae; few sparse 
setulae visible between pigmented areas. 

MATERIAL: Single specimen, VMNH 94607. 

COMMENTS: Specimen not identifiable beyond 
order. Resembles Solite morphotypes 28 and 30 
(figs. 31, 33) though pronotum shape differs in 
all three. Pattern of color markings reminiscent 
of some archostematans (e.g., Jarzembowski et 
al., 2015) and very similar to that of morphotype 
30, possibly same species with proportions dis- 
torted during preservation. Specimens likely 
belong to the same or similar genera. 


Morphotype 30 
Figure 33A-D 


DESCRIPTION: Small specimen (2.9 mm long, 
1.6 mm wide) preserved in dorsal view; preser- 
vation excellent; part and counterpart. Head, 
pronotum, and elytra with color pattern and 
setae preserved. Head large, almost as wide as 
pronotum, anterior margin slightly concave 
medially; eyes large, widely separated. Pronotum 
short, narrow, length approximately 0.2x width; 
anterior margin concave, posterolateral corners 
not pointed; melanized marking with dense setae 
located centrally. Elytra ~1.7x width of prono- 
tum, anterior margins somewhat flat, anterolat- 
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eral corners broadly rounded, sutural margins 
straight, distal third tapering to a point at apex. 
Distinct, maculated color pattern preserved; ~12 
melanized markings of irregular shape arranged 
over entire elytral surface. Setae dense on mark- 
ings, very sparse between markings. Abdomen 
tip visible between elytral apices; broadly 
rounded, preservation poor. 

MaTERIAL: Single specimen, AMNH 04-70. 

COMMENTS: Specimen not identifiable beyond 
order. Elytral markings reminiscent of some 
archostematans (e.g., Jarzembowski et al., 2015) 
and similar to those of Solite morphotypes 28 
and 29 (figs. 31, 32), possibly belonging to the 
same or similar genera, but body proportions, 
marking arrangement, and elytral proportions 
indicate separate species. Elytral markings also 
similar to those of one isolated elytron, Solite 
specimen VMNH 94027. 


Morphotype 31 
Figure 34A-—D 


DESCRIPTION: Small beetle (2.3 mm long, 1.2 
mm wide) preserved in dorsal view; preservation 
excellent; no counterpart. Head with mouthparts 
and both antennae, pronotum, and elytra pre- 
served. Pronotum and elytra covered in long, 
dense setae. Head preserved asymmetrically, 
anterior margin concave; eyes small, laterally 
located; one mandible preserved, appears biden- 
tate. Antennae clavate, apical club three-seg- 
mented; both antennae partially preserved: left 
with 9 segments visible, few short setae on apical 
five flagellomeres; right with 5 segments pre- 
served. Pronotum quadrate, length ~0.5x width, 
anterior margin straight, posterior margin 
obscured medially, anterolateral corners obtuse, 
posterolateral corners rounded; three lightly 
melanized areas: one circular area medially and 
two oblong areas laterally; pronotum covered in 
long, dense setae between melanized areas. Ely- 
tra smooth, lacking microsculpture; length 3x 
width, basal margins convex, apices obscured by 
dense setae arranged in rough rows; two lightly 
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melanized patches on each elytron: one quadrate 
patch anterolaterally and one ovate patch medio- 
laterally; melanized areas mostly lacking setae. 
Abdomen not visible. 
MarTERIAL: Single specimen, VMNH 49764. 
CoMMENTSs: Specimen is unique in the Solite 
deposit; not identifiable beyond order. 


Morphotype 32 
Figure 35A, B 


DESCRIPTION: Very small specimen (1.5 mm 
long, 0.8 mm wide, as preserved) in dorsal view; 
preservation poor; no counterpart. Partial head, 
possible partial pronotum, and both elytra pre- 
served. Head ovate; no eyes, antennae, or mouth- 
parts visible. Pronotum fragmentary, poorly 
preserved, no details discernable. Elytra smooth, 
narrow, length ~2.5x width; basal and sutural 
margins roughly straight, apices bluntly pointed; 
distinct color pattern covering majority of elytral 
surface except at apex and in an ovate patch 
medially. Small portion of abdomen visible past 
elytral apices. 

MATERIAL: Single specimen, VMNH 94723. 

CoMMENTSs: Specimen is unique in the Solite 
deposit but is poorly preserved; not identifiable 
beyond order. 


Morphotype 33 
Figure 36A-E 


DESCRIPTION: Small beetle (3.6 mm long, 2 
mm wide) preserved in dorsal view; preserva- 
tion excellent, no counterpart. Head, prono- 
tum, two partial legs, and elytra with color 
pattern preserved. Body generally streamlined, 
possibly aquatic. Head extending anteriorly, 
not recessed beneath pronotum; anterior mar- 
gin roughly straight, lateral corners rounded; 
eyes large. Three complete and one partial ter- 
minal flagellomeres visible near right side of 
head, large. Pronotum narrow, width ~4.2x 
length; anterior margin concave, width ~0.6x 
that of posterior margin; posterior margin 
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slightly convex; anterolateral corners pointed, 
posterolateral corners rounded; greatest width 
0.8x elytra width. Scutellum apparently small, 
faint. Two partial hind legs preserved posteri- 
orly, likely tibiae and tarsi; rightmost tibia with 
two distinct tibial spurs, four narrow tarsal 
segments, apical segment very slender; few 
long, fine setae closely adpressed to tarsus. 
Elytra smooth, no microsculpture or vestiture 
present; widest anteriorly with straight basal 
and sutural margins, apices gently pointed; 
length ~2.3x width; unique color pattern cov- 
ering majority of elytral surface, two lighter, 
circular patches anteromedially; two “forks” 
mediolaterally, possibly veins. Abdomen tip 
visible between elytral apices. 

MarERIAL: Single specimen, YPM IP 035981. 

COMMENTS: Specimen resembling Eucineti- 
dae (Polyphaga), especially the genus Noteucine- 
tus from New Zealand and Chile due to body 
shape, elytral color patterning, and the long, five- 
segmented hind tarsi (Bullians and Leschen, 
2004); does not resemble any other beetle from 
the Solite deposit. 


Holcoptera solitensis Thomson et al., 2017 
Figures 37A-C, 38 


DESCRIPTION: Small beetle (4.7 mm long as 
preserved, 2.8 mm wide) preserved in dorsal view; 
preservation fair; no counterpart. Peculiar speci- 
men with body margins poorly defined, head 
missing. Elytra and some underlying structures 
preserved. Anterior portion of specimen with two 
symmetrical, raised circular structures laterally. 
Elytra with distinctive color pattern consisting of 
four longitudinal bands: two outer bands connect- 
ing posteriorly to form U-shape, innermost band 
thinner than others and extending to a color patch 
along the anterior margin where the orientation 
becomes perpendicular to the other bands. Outer 
elytral margins not preserved. Abdominal seg- 
ments visible beneath elytra, four subequal ter- 
gites discernible; additional faint bands laterally, 
possibly outer margins of abdomen. 


24 BULLETIN AMERICAN MUSEUM OF NATURAL HISTORY 


MATERIAL: Illustration and description based 
on VMNH 97986. Twenty-five additional speci- 
mens are known: AMNH 04-96, VMNH 
49735/49736, 51498, 51511, 51839, 54135, 54136, 
96728, 96729, 96731, 96736, 96762, 96765, 
96766, 96768, 96769, 96782, 96784, 96787, 
96789, 96791, 97234, 97243, 97247, and 97251. 

ComMENTSs: There are 26 known specimens in 
the Solite material sharing this distinctive elytral 
pattern. Seven of these consist of more than a single 
elytron, and one specimen (VMNH 96762, fig. 
37C) includes the head, though it is not attached to 
the body. The illustrated specimen (VMNH 97986) 
appears shorter than the others and is possibly lon- 
gitudinally distorted. Additionally, one specimen 
(AMNH 04-96, fig. 38) differs in the thickness of 
the second innermost longitudinal band and might 
represent a separate species. 

This morphotype was previously described as 
Holcoptera solitensis by Thomson et al. (2017) 
based on two isolated elytra. It should be noted 
that the original description states that H. soli- 
tensis specimens “are the only ones seen where 
none of the [elytral color] bands connect, either 
to a color patch at the base or distally” (Thomson 
et al., 2017: 671). The two outer bands of the 
Solite specimens do, in fact, connect distally, 
contradicting the species’ original description. 


Morphotype 34 
Figure 39A-C 


DESCRIPTION: Small specimen (3.9 mm long, 
2.2 mm wide) preserved in dorsal view; preser- 
vation fair; no counterpart. Body generally 
streamlined, possibly aquatic. Pronotum and ely- 
tra visible. Head probably preserved beneath 
pronotum; eyes large; no other head structures 
apparent. Pronotum triangular, anterior margin 
strongly convex, posterolateral corners preserved 
asymmetrically, rounded; width of posterior por- 
tion subequal to width of elytra; with triangular 
patch of small, dense nodules posteromedially. 
Elytra with similar dense nodules in thin strip 
anteromedially; basal margins very straight, wide 
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rim along outer elytral margins, no gap between 
elytral apices; two triangular areas of light sclero- 
tization anteriorly, posterior third of elytra more 
heavily sclerotized; no striae or microtrichia 
present. Abdomen not visible. 

MarTERIAL: Single specimen, AMNH 04-50. 

COMMENTS: Specimen not identifiable beyond 
order; does not resemble any other beetle from 
the Solite deposit. 


Morphotype 35 
Figure 40A—D 


DESCRIPTION: Small beetle (5.2 mm long, 2.3 
mm wide) preserved in dorsal view; preserva- 
tion good; part and counterpart. Head, prono- 
tum, and elytra preserved. Body ovate, 
streamlined, fusiform, possibly aquatic. Head 
somewhat triangular, anterior margin bluntly 
pointed, posterior margin convex; eyes large, 
widely separated. Pronotum semicircular in 
shape, anterior margin obscured by head; 
smooth, few very fine setae visible posteriorly 
and along lateral margin. Possible scutellum. 
Elytra elongate, length 3.3x width; basal and 
sutural margins straight, apices pointed; cov- 
ered in dense, tiny, randomly arranged nodules; 
sparse, very fine setae on some areas of elytra 
(not figured). Partial abdomen preserved 
beneath elytra, four segments visible. 

MarTERIAL: Single specimen, VMNH 49742. 

ComMMENTs: The fusiform, streamlined body 
shape suggests a possible aquatic lifestyle, though 
this is contradicted by the abundance of dense 
nodules covering the elytral surfaces. Specimen 
not identifiable beyond order; does not resemble 
any other beetle from the Solite deposit. 


Morphotype 36 
Figure 41A-C 


DESCRIPTION: Small specimen (3.9 mm long, 
2.5 mm wide) preserved in dorsal view; preser- 
vation fair; no counterpart. Head, pronotum, 
elytra, one partial leg, and faint portion of abdo- 
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men preserved. Head short, broadly rounded 
anteriorly, posterior margin concave, right lateral 
margin indistinct; width roughly equal to prono- 
tum width. Eyes widely separated, laterally situ- 
ated; left eye visible, right eye not preserved. 
Pronotum rectangular, narrow; width 3.9x 
length, antero- and posterolateral corners 
rounded. Partial scutellum visible, small, trian- 
gular, corners pointed. Single leg fragment pres- 
ent between pronotum and right elytron; 
preservation poor. Elytra striate, six poorly pre- 
served partial striae visible on posterolateral por- 
tion of right elytron; length roughly 2.1x width, 
widest medially; basal and sutural margins con- 
vex, apices bluntly pointed; thin lateral rim pres- 
ent along lateral margins. Abdomen faint, 
partially visible between elytral apices. 

MATERIAL: Single specimen, AMNH 04-92. 

COMMENTS: Specimen not identifiable beyond 
order; does not resemble any other beetle from 
the Solite deposit. 


Morphotype 37 
Figure 42A, B 


DESCRIPTION: Small specimen (2.6 mm long) 
preserved in lateral view, preservation fair; no 
counterpart. Head, pronotum, two partial legs, 
elytra, and abdomen preserved. Head with ante- 
rior margin interrupted by simple, pointed man- 
dibles and possible basal antennal segment; 
posterior margin slightly convex; eyes apparently 
located laterally. Pronotum length subequal to 
that of head; anterior margin slightly concave, 
lateral margin straight anteriorly but bending 
medially in its posterior quarter. Two partial legs 
preserved, both likely hind legs; one too frag- 
mentary for determination of segments; other 
with partial tibia and tarsus, tarsal segmentation 
obscure. Elytron striate, lateral rim wide, apex 
broadly pointed; striae short, six visible anteri- 
orly when specimen tilted. Abdomen visible 
beneath elytron, preservation poor with no seg- 
ments discernable; apex apparently blunt. 

MATERIAL: Single specimen, VMNH 129484. 


COMMENTS: Specimen not identifiable beyond 
order; does not resemble any other beetle from 
the Solite deposit. 


Morphotype 38 
Figure 43A, B 


DESCRIPTION: Small beetle (~2.2 mm long) 
preserved in lateral view, preservation good; no 
counterpart. Head, thorax, elytra, and abdomen 
preserved. Head large, poorly preserved; anterior 
margin with possible mandibles, frontoclypeal 
suture visible. Pronotum small, somewhat trian- 
gular in lateral view; anterior margin indistinct. 
Elytra lifted showing partial meso- and metatho- 
rax beneath. Legs not preserved. Elytra striate, 
length ~2.1x width; anterior margin convex, api- 
ces somewhat pointed; lateral margin of right 
elytron bulging in anterior third, broken in pos- 
terior third; right elytron with eight striae, left 
with only five visible. Abdomen extending past 
elytral apices, six segments preserved; segment 
margins indistinct medially, possibly due to 
membranous pleura between tergites and ster- 
nites; apex poorly preserved. 

MarTERIAL: Single specimen, VMNH 49659. 

COMMENTs: Specimen not identifiable beyond 
order; does not resemble any other beetle from 
the Solite deposit. 


Morphotype 39 
Figure 44A, B 


DESCRIPTION: Small specimen (3.4 mm long, 
1.4 mm wide) preserved in dorsal view; preser- 
vation good, specimen symmetrical with appar- 
ently little distortion; no counterpart. Head with 
mouthparts, pronotum, and elytra preserved. 
Head with convex anterior margin; prognathous 
mandibles preserved; eyes large, widely sepa- 
rated. Pronotum roughly rectangular, length 0.7x 
width, without microsculpture or microtrichia; 
anterior margin slightly sinuous, posterior mar- 
gin slightly convex; anterolateral corners pointed; 
incomplete median furrow distinct. Elytra stri- 
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ate, length 3.2x width; anterior margins convex, 
sutural margins straight, apices pointed; thin lat- 
eral rim visible; two partial striae preserved on 
right elytron, six on left elytron. Abdomen tip 
faintly preserved between elytral apices. 

MATERIAL: Single specimen, VMNH 94814. 

ComMMENTs: Specimen likely belonging to 
Adephaga based on median longitudinal line of 
pronotum, striate elytra, and prognathous head. 
Does not resemble any other beetle from the 
Solite deposit. 


Morphotype 40 
Figure 45A-C 


DESCRIPTION: Small beetle (3 mm long, 1.2 
mm wide) preserved in dorsal view; preservation 
good; no counterpart. Head, pronotum, and ely- 
tra preserved. Head with broadly rounded ante- 
rior margin, posterior margin roughly straight; 
eyes, mouthparts, and antennae not preserved. 
Pronotum quadrate, subequal to head in width; 
anterior margin straight, posterior margin con- 
vex, anterolateral corners rounded, posterolateral 
corners slightly pointed, disc raised medially. 
Scutellum faint, triangular. Elytra elongate, 
length 3.6x width; anterior margins rounded, 
sutural margins straight, apices bluntly pointed; 
eight distinct striae visible, roughly parallel, 
apparently converging at anterior and posterior 
ends. Abdomen not visible. 

MarTERIAL: Single specimen, AMNH 04-89. 

COMMENTS: Specimen not identifiable beyond 
order; does not resemble any other beetle from 
the Solite deposit. 


Morphotype 41 
Figure 46A—D 


DESCRIPTION: Small beetle (~5.6 mm long) 
preserved in lateral view; preservation excellent; 
part and counterpart. Head, one antenna, com- 
plete thorax, elytra, abdomen, and two partial 
legs preserved. Head of roughly equal length to 
pronotum; eyes indistinct; possible mouthpart 
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extending anteriorly. Antenna with 8 segments 
visible, segments 5-7 (as preserved) distinctly 
cordate, gradually increasing in width distally. 
Pronotum with lateral area raised or swollen. 
Two partial legs preserved: one with small trian- 
gular trochanter, femur, and partial tibia; other 
with only partial femur preserved. Elytra not 
covering entire abdomen; striate, left elytron 
with at least 9 partial striae; area near anterolat- 
eral corner slightly elevated; elytral apex nar- 
rowed, rounded. Elytra lifted, showing partial 
meso- and metathorax beneath. Abdomen with 
six segments exposed, lateral margins of tergites 
and sternites visible; abdominal tip large and 
pointed, possibly telescoped and distended. 

MarERIAL: Single specimen, YPM IP 036434. 

COMMENTS: Specimen not identifiable beyond 
order and does not resemble any other beetle 
from the Solite deposit. 


Morphotype 42 
Figure 47A—C 


DESCRIPTION: Small specimen (3.2 mm long, 
1.4 mm wide) preserved in dorsal view; preser- 
vation good; no counterpart. Head, partial 
antenna, pronotum, two partial legs, elytra, and 
possible abdomen tip preserved. Head somewhat 
triangular in shape with irregular anterior mar- 
gin and semicircular frontoclypeal suture; eyes 
large and closely spaced. Left antenna filiform 
with seven partial segments preserved, little to 
no variation in segment widths; right antenna 
fragmentary with only two flagellomeres visible. 
Pronotum about half as long as wide, narrower 
than elytra, rectangular in shape with rounded 
corners and raised disc; incomplete median fur- 
row prominent. Two partial femora preserved on 
right side of body. Elytra elongate, length roughly 
3x width; basal margins rounded, apices bluntly 
pointed; thin lateral rim visible on distal half of 
left elytron. Elytra possibly striate, three very 
faint striae visible on right elytron near sutural 
margin. Partial abdomen tip protruding beyond 
apex of right elytron. 
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MATERIAL: Single specimen, VMNH 50226. 

COMMENTS: Specimen not identifiable beyond 
order; does not resemble any other beetle from 
the Solite deposit. 


Morphotype 43 
Figure 48A—D 


DESCRIPTION: Small specimen (5.2 mm 
long, 2.1 mm wide) preserved in dorsal view; 
part and partial counterpart. Head, pronotum, 
four partial legs, and elytra preserved. Head 
large, anterior margin poorly preserved; eyes 
small, widely separated, shape somewhat dis- 
torted. Pronotum generally rounded, approxi- 
mately 0.6x width of elytra, with distinct 
posterolateral projections as in Elateridae; 
anterior margin poorly preserved but probably 
overlapping posterior portion of head; incom- 
plete median furrow distinct. Four partial legs 
preserved: portions of all three legs visible on 
right side, only forefemur and foretibia pre- 
served on left side. Possible tarsal claws on 
right foreleg. Elytra elongate, length 3.2x 
width, basal margins transverse, lateral mar- 
gins straight and roughly parallel in basal half, 
tapering to a point at apices; thin lateral rim, 
few striae visible near sutural margin. Partial 
abdomen visible between elytra. 

MarTERIAL: Single specimen, VMNH 50190. 

COMMENTS: Specimen not identifiable beyond 
order; does not resemble any other beetle from 
the Solite deposit. Specimen formerly published 
as VMNH 1359 (Fraser et al., 2017). 


Morphotype 44 
Figure 49A, B 


DESCRIPTION: Small beetle (4.6 mm long, 
1.8 mm wide) preserved in dorsal view; pres- 
ervation poor; no counterpart. Head, prono- 
tum, two leg fragments, elytra, and partial 
abdomen preserved. Body slender. Head some- 
what triangular, length roughly equal to width, 
anterior margin tapering to a broad, rounded 


point; possible eye preserved on right side. 
Pronotum long, quadrate, length 0.7x width; 
anterior margin concave, anterolateral corners 
sharply pointed. Two leg fragments visible on 
left side between pronotum and elytron, pos- 
sibly femora. Elytra striate, narrow, length 
~3.6x width; anterior margins slightly convex, 
sutural margins straight, apices broadly 
rounded; few thin striae visible medially, faint. 
Abdomen partially visible beneath left elytron, 
three segments preserved. 

MATERIAL: Single specimen, VMNH 93596. 

COMMENTS: Specimen not identifiable beyond 
order. Somewhat similar in proportions and pro- 
notum shape to VMNH 53904 (~4.8 mm long, 
1.9 mm wide), though poor preservation of that 
specimen makes detailed comparison difficult. 


Morphotype 45 
Figure 50A-E 


DESCRIPTION: Small beetle (3.3 mm long, 1 
mm wide) preserved in dorsal view (counterpart 
in ventral view); preservation good. Head with 
antennae, pronotum, three partial legs, elytra, 
and partial abdomen preserved. Body elongate. 
Head dome shaped, anterior margin strongly 
convex; eyes small, laterally located. Antennae 
moniliform to slightly clavate, 11-segmented, 
apical three flagellomeres slightly larger than 
others. Pronotum quadrate, length 0.8x width; 
anterior and posterior margins slightly convex, 
antero- and posterolateral corners rounded; disc 
raised in center. Possible scutellum preserved, 
faint. Three legs partially visible, largely hidden 
beneath body. Elytra striate; elongate, length 
~4.6x width; anterior margins rounded, sutural 
margins straight, apices bluntly pointed; striae 
thin, faint, at least eight visible medially on right 
elytron. Abdomen protruding slightly past elytral 
apices; three segments visible beneath elytra. 

MATERIAL: Single specimen, VMNH 91682. 

COMMENTS: Specimen not identifiable beyond 
order; does not resemble any other beetle from 
the Solite deposit. 
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Morphotype 46 
Figure 51A—C 


DESCRIPTION: Medium-sized beetle (8 mm 
long, 3.5 mm wide) preserved in dorsal view, pres- 
ervation good; no counterpart. Head with partial 
antennae, thorax, four partial legs, and elytra pre- 
served. Body elongate. Head square, anterior mar- 
gin straight, posterior margin not preserved; eyes 
widely separated, laterally located. Both antennae 
partial; left with seven segments preserved; seg- 
ments somewhat moniliform, basal ones slightly 
longer than wide, apical ones broader; right 
antenna with only two partial segments visible. 
Pronotum roughly circular, anterior and posterior 
margins obscure; visible anterolateral corner 
broadly rounded. Four partial legs preserved, all 
with femora and tibiae, no tarsi; femora stout; 
tibiae short and stout, length 3.8x width; middle 
tibia with a few fine setae along margins. Elytra 
striate, anterior margins convex, anterolateral cor- 
ners broadly rounded, sutural margins indistinct; 
elytral apices not preserved; epipleural rim broad, 
wider than distance between striae. Elytron with 
six distinct striae, converging toward apex, only 
visible when specimen viewed at an angle. Abdo- 
men not preserved. 

MarERIAL: Single specimen, YPM IP 388741. 

COMMENTS: Specimen not identifiable beyond 
order; does not resemble any other beetle from 
the Solite deposit. 


Morphotype 47 
Figure 52A-D 


DESCRIPTION: Small beetle (5.7 mm long) 
preserved in dorsal view; preservation good; no 
counterpart. Head, pronotum, elytra, and abdo- 
men preserved. Head long, somewhat triangular, 
clypeal suture faint; mandibles preserved, trian- 
gular. Eyes large, laterally located; one possible 
antennal segment preserved on right side of 
head. Pronotum uniquely shaped, length and 
width increasing medially; anterior margin 
straight medially, anterolateral corners bluntly 
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pointed; posterior margin very strongly convex; 
posterolateral corners rounded. Scutellum small, 
triangular, width 2x length. Elytra striate, with- 
out punctations or setulae; length ~2.3x width, 
anterior margins straight, sutural margins con- 
vex, apices sharply pointed; thin rim along 
sutural margins; striae faint, seven visible on 
right elytron, five on left. Abdomen poorly pre- 
served, five segments visible. 

MATERIAL: Illustration and description based 
on VMNH 129485. One additional specimen 
possibly included in morphotype: VMNH 97637 
(fig. 52D). 

COMMENTS: Specimen not identifiable beyond 
order. Resembles Cow Branch specimen VMNH 
97637 in pronotum shape and overall size, 
though preservation of VMNH 97637 is frag- 
mentary and striae are not evident. 


Morphotype 48 
Figure 53A-C 


DESCRIPTION: Small beetle (5 mm long, 2.6 
mm wide) preserved in dorsal view with some 
relief; preservation excellent; part and counter- 
part. Head, one partial antenna, pronotum, and 
elytra preserved. Head partially recessed beneath 
pronotum; anterior margin convex. Eyes large, 
laterally located and not protruding. One partial 
antenna with at least 4 segments visible on right 
side of head, possibly clavate. Pronotum with 
concave anterior margin and convex posterior 
margin, posterior margin slightly pointed medi- 
ally; anterolateral corners sharply pointed, pos- 
terolateral corners rounded; disc raised medially, 
rim present near lateral margins; pronotum 
~0.8x width of elytra. Elytra striate, length 2.75x 
width; anterior margins flat, anterolateral corners 
distinctly squared, sutural margins straight, api- 
ces bluntly pointed; raised, rounded areas pres- 
ent anterolaterally; epipleural rim distinct, 
narrowing posteriorly; thin sutural margin visi- 
ble; seven distinct striae, roughly parallel, con- 
verging at anterior and posterior ends. Abdomen 
tip visible between elytral apices. 
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MATERIAL: Illustration and description based 
on VMNH 49781. Morphotype includes one 
additional specimen: VMNH 129489. 

CoMMENTs: Very similar to Solite specimen 
VMNH 129489, except in shape of anterolateral 
pronotal corners, which are more rounded in 
VMNH 129489; possibly belonging to same spe- 
cies. Specimen most resembles Phoroschizidae 
(= Schizophoridae; Bouchard and Bousquet, 
2020) in body shape and proportions; however, 
phoroschizids possess long filiform antennae and 
lack distinct elytral striae. Very similar in size, 
shape, and proportions to middle Permian 
Archosyne permiana of China and the Lower 
Liassic specimens “Carabidae (?)” (In.49572; fig. 
53D) and “Dryopoidea (?)” (In.59101, In.51009; 
In.64024, fig. 53E) of Dorset, England (Whalley, 
1985: figs. 70, 73-75). 


Morphotype 49 
Figure 54A-D 


DESCRIPTION: Small specimen (4.2 mm long, 
2.6 mm wide) preserved in dorsal view; preser- 
vation good; no counterpart. Head, pronotum, 
and elytra preserved. Head somewhat triangular, 
anterior margin strongly convex. Eyes apparently 
small, laterally located. Pronotum preserved 
irregularly, width 3.5x length; anterior margin 
concave, posterior margin slightly sinuous, con- 
vex, widest medially; anterolateral corners pre- 
served asymmetrically, somewhat pointed 
forward; posterolateral corners curving anteri- 
orly; pronotum width subequal to elytra width. 
Elytra striate, length roughly 2.4x width; wide 
epipleural rim forming distinctly squared, shoul- 
derlike anterolateral corners, rim narrowing pos- 
teriorly; sutural margins straight, apices bluntly 
pointed; seven distinct, fairly deep striae, roughly 
parallel, converging at posterior end, lateral two 
on right elytron connected anteriorly. Abdomen 
not visible. 

MATERIAL: Single specimen, VMNH 53851. 

COMMENTS: Specimen not identifiable beyond 
order. Generally similar in shape, proportions, 


and striate elytra with squared anterolateral cor- 
ners to Solite morphotype 48 (fig. 53), possibly 
belonging to related taxa. Specimen formerly 
published as VMNH 129 (Fraser et al., 2017). 


Morphotype 50 
Figure 55A-E 


DESCRIPTION: Small beetle (4.3 mm long, 2.3 
mm wide) preserved in dorsal view; preservation 
excellent; part and counterpart. Head, pronotum, 
six legs, elytra, and partial abdomen preserved. 
Head oblong, anterior margin convex, eyes 
located laterally; possible frontoclypeal suture 
visible. Pronotum roughly rectangular with 
rounded corners, length 2.5x width, anterior 
margin concave. Scutellum small, triangular, cor- 
ners rounded. All legs at least partially preserved. 
Left foreleg: partial tibia, small tibial spur, at least 
two short tarsal segments, and two small tarsal 
claws preserved; small, pointed lobe projecting 
from tarsal segment near base of tibia. Right 
foreleg: partial tibia, small tibial spur, at least two 
tarsal segments and two small tarsal claws visi- 
ble. Left middle leg: partial tibia, fragmentary 
tarsus. Right middle leg: partial tibia, small, ven- 
tral tibial spur, at least two tarsal segments (basal 
segment ~2x length of other), and two small tar- 
sal claws visible; tibia with few setae located 
medially and with distinct fringe of setae along 
anterior margin. Left hind leg: partial tibia only. 
Right hind leg: partial tibia, three tarsal seg- 
ments, two small tarsal claws preserved; few iso- 
lated setae near apical margin of tibia. Elytra 
with 10 distinct striae (when viewed obliquely), 
converging toward apex; basal margins straight 
to slightly curved, sutural margins convex, apices 
tapering to a blunt point; elytra length ~2.6x 
width. Three abdominal segments visible 
between elytra. 

MarERIAL: Single specimen, VMNH 49790. 

COMMENTS: Specimen not identifiable beyond 
order; does not resemble any other beetle from 
the Solite deposit. Specimen formerly published 
as VMNH 959 (Fraser et al., 2017). 
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Morphotype 51 
Figure 56A—D 


DESCRIPTION: Small beetle (4.3 mm long, 2.1 
mm wide) preserved in dorsal view; preservation 
good; part and counterpart. Head, pronotum, 
two partial legs, elytra, and abdomen tip pre- 
served. Head roughly rectangular; anterior mar- 
gin slightly convex. Eyes poorly preserved, likely 
laterally located. Pronotum somewhat rectangu- 
lar, width 1.9x length; anterior margin concave 
laterally and convex medially; posterior margin 
slightly convex; anterolateral corners bluntly 
pointed, posterolateral corners broadly rounded; 
pronotum ~0.8x width of elytra. Two partial leg 
segments preserved, slender, likely middle fem- 
ora; right segment with fine setae on apical mar- 
gin. Elytra striate, length ~2.9x width; anterior 
and sutural margins convex, apices bluntly 
pointed; eight distinct striae, curving outward, 
medial striae apparently converging; outermost 
stria forming a raised shelf. Few sparse setae on 
posterior end of elytra (not figured). Abdomen 
tip visible between elytral apices. 

MATERIAL: Illustration and description based 
on VMNH 51831. Two additional specimens 
possibly included in morphotype: VMNH 54562 
and 95080. 

COMMENTS: Generally similar in habitus to 
Solite morphotype 48 (fig. 53). Outward-curving 
striae similar to those of isolated elytral morpho- 
types 89, 90, and 91 (figs. 77G-L). Specimen 
most resembles Phoroschizidae (= Schizophori- 
dae; Bouchard and Bousquet, 2020) in body 
shape and proportions; however, phoroschizids 
lack distinct elytral striae. 


Morphotype 52 
Figure 57A-D 


DESCRIPTION: Small beetle (2.7 mm long, 1.2 
mm wide) preserved in dorsal view; preservation 
fair; part and counterpart. Partial pronotum, 
three partial legs, elytra, and abdomen preserved. 
Head not visible. Pronotum fragmentary, some- 
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what hexagonal in shape as preserved; anterior 
and lateral margins indistinct; visible posterolat- 
eral corner right-angled, posterior margin angu- 
lar, pointed medially. Three partial legs preserved: 
foreleg with femur and partial tibia; middle leg 
with femur, tibia, and one tarsal segment; hind 
leg with femur and partial tibia; femora stout, 
width 3x that of tibiae; tibiae long, slender, mid- 
dle tibia length 11.3x width. Elytra striate, length 
~3.5x width; anterior margins broadly rounded, 
apices sharply pointed; eight striae visible on left 
elytron, nine on right; striae roughly parallel, 
evanescent apically; when tilted, elytra appear 
reticulate with short, irregular crossveins. Abdo- 
men visible beneath elytra, four tergites pre- 
served, apex rounded. 

MaTERIAL: Single specimen, VMNH 51649. 

COMMENTS: Counterpart to VMNH 51651. 
Specimen not identifiable beyond order; does 
not resemble any other beetle from the Solite 
deposit. 


Morphotype 53 
Figure 58A-—C 


DESCRIPTION: Small specimen (2.2 mm long, 
1.2 mm wide) preserved in dorsal view; preser- 
vation fair; no counterpart. Pronotum and elytra 
preserved. Head not visible. Pronotum preserved 
asymmetrically, broad with strongly convex ante- 
rior and posterior margins, faint anterolateral 
lobes; posterolateral corners hidden beneath ely- 
tra; disc raised medially. No scutellum visible. 
Elytra striate, elongate, length ~3.2x width; ante- 
rior margins rounded, sutural margins straight 
in basal half, apices bluntly pointed; thin rim 
along lateral and sutural margins; eight distinct 
striae visible, parallel, bending posteriorly toward 
sutural margin; fine, faint, slightly irregular cells 
visible on entire elytral surface when specimen 
tilted, cells larger and more irregular posteriorly. 
Abdomen not preserved. 

MATERIAL: Illustration and description based 
on YPM IP 016827. Morphotype includes one 
additional specimen: VMNH 49635. 
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COMMENTs: Specimen not identifiable beyond 
order. Very similar in proportions to Solite speci- 
men VMNH 49635. 


Morphotype 54 
Figure 59A-—C 


DESCRIPTION: Very small specimen (>1.7 mm 
long) preserved in a dorsal, somewhat oblique 
view; preservation good; no counterpart. Prono- 
tum, elytra, and abdomen preserved. Head not 
visible. Pronotum approximately rectangular, 
length 0.5x width; anterior margin obscured 
medially, posterior margin slightly convex; disc 
somewhat raised medially. No scutellum visible. 
Elytra striate, reticulate; preserved asymmetri- 
cally and at an angle: left elytron with length 2x 
width, right elytron with length 3.1x width; ante- 
rior margins broadly rounded, sutural margins 
convex, apices pointed; thin, well-defined rim 
along lateral and sutural margins; nine distinct 
striae visible, absent basally, converging toward 
apex; reticulations formed by crossveins between 
striae, best viewed when specimen tilted. Abdo- 
men visible between spread elytra, five distinct 
tergites present; apex broadly rounded. 

MarTERIAL: Single specimen, VMNH 92751. 

COMMENTS: Specimen not identifiable beyond 
order; similar reticulated elytral pattern also 
present in isolated elytron morphotype 98 (figs. 
59D, 79) from the Walnut Cove Formation, 
though isolated elytron is slightly larger (by ~1 
mm in length). 


Morphotype 55 
Figure 60A-E 


DESCRIPTION: Small beetle (3 mm long 
excluding abdomen, 1.8 mm wide) preserved in 
dorsal view; preservation excellent; part and 
counterpart. Partial head, pronotum and elytra 
with color pattern, and partial abdomen pre- 
served. Head partially obscured, roughly half the 
width of pronotum; eyes located laterally. Prono- 
tum as wide as elytra; anterior margin concave; 


visible anterolateral corner pointed, curving 
slightly inward toward head; posterolateral cor- 
ners rounded and bending posteriorly toward 
elytra; irregularly shaped melanized marking 
medially. Elytra with straight basal and sutural 
margins, apices indistinct; length ~2.3x width; 
unique color pattern covering posterior two- 
thirds and forming two branches in anterior 
third; five rows of punctures near lateral elytral 
margins; thin rim along lateral margins. Abdo- 
men with at least five segments visible between 
elytra; posterior margin not preserved. 

MATERIAL: Illustration and description based 
on YPM IP 016828. Two additional specimens 
included in morphotype: VMNH 49762 (fig. 
60E) and 51687. 

CoMMENTs: YPM IP 016828 is counterpart to 
specimen YPM IP 036446. Specimen not identi- 
fiable beyond order; possibly belonging to same 
genus or species as Cow Branch specimens 
VMNH 51687 and VMNH 49762 (fig. 60E); 
color pattern also similar to that of Cow Branch 
specimen VMNH 94739, though body propor- 
tions differ slightly. 


Morphotype 56 
Figure 61A-D 


DESCRIPTION: Small beetle (5.9 mm long, 4.5 
mm wide) preserved in dorsal and some ventral 
views; preservation good; no counterpart. Head 
and thorax partial; elytra fully preserved. Head 
apparently recessed beneath pronotum, only 
ovate eyes visible beneath. Pronotum with ante- 
rior margin strongly convex, posterior margin 
straight, posterolateral corners acutely pointed; 
no microsculpture or fine punctation. Segment 
posterior to pronotum poorly preserved, likely 
mesothorax, with pair of circular structures, 
probably coxae, visible posteromedially. Elytra 
with somewhat straight basal margins, apices 
pointed, narrow lateral rim present; length 2.2x 
width; covered in fine, dense punctures except 
for in small area near depressed, anterolateral 
ledge on each elytron. Abdomen not preserved. 
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MaTERIAL: Single specimen, VMNH 129481. 

COMMENTS: Specimen not identifiable beyond 
order; does not resemble any other beetle from 
the Solite deposit. 


Morphotype 57 
Figure 62A—D 


DESCRIPTION: Medium-sized specimen (7.7 
mm long, 2.8 mm wide); head preserved in dor- 
sal view, thorax and abdomen preserved in ven- 
tral view; preservation good; part and 
counterpart. Head, antennae, pronotum, four 
partial legs, and partial elytra preserved. Head 
elongate, roughly rectangular; preocular portion 
short-rostrate; poorly preserved prognathous 
mouthparts extend anterior to antennae, three 
partial palp segments visible on left side; eyes 
distinct, laterally located. Both antennae well 
preserved, filiform, segment widths roughly 
equal; 9 segments visible on left antenna, 11 seg- 
ments on right; third visible antennomere at least 
2x length of others. Pronotum roughly 0.5x 
width of elytra, rounded anteriorly, with two 
pairs of symmetrical, parallel grooves present; 
posterolateral corners extended into thick, blunt 
points. Four partial legs preserved, femora dis- 
tinctly swollen, appear cursorial. Left middle leg: 
femur and tibia preserved. Right middle leg: par- 
tial femur and four partially disarticulated tarsal 
segments preserved. Left hind leg: trochanter, 
femur, tibia, and tarsus with five tarsomeres vis- 
ible; femur swollen centrally; tibia slender, sim- 
ple; basotarsomere length ~2x that of second 
tarsomere. Right hind leg: trochanter, femur, and 
partial tibia preserved. Three additional leg frag- 
ments (possibly tarsi) overlying left side of abdo- 
men. Elytra obscured by ventral preservation; 
epipleuron wide. Abdomen poorly preserved, 
segments indistinct. 

MATERIAL: Single specimen, VMNH 97968. 

COMMENTSs: Specimen reminiscent of Obrie- 
niidae Zherikhin and Gratshev, 1993 (Arch- 
ostemata; Gratshev and Zherikhin, 2003) in 
body proportions and elongate head; most 
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resembles Jurassic species Kararhynchus 
occiduus Zherikhin and Gratshev, 1993 in habi- 
tus (see also Legalov, 2012). However, the Solite 
specimen’s larger size, shorter rostrum, and fili- 
form antennae differ from Obrieniidae. Speci- 
men does not resemble any other beetle from 
the Solite deposit. Formerly published as 
VMNH 838 (Fraser and Grimaldi, 2003; Fraser 
et al., 2017). 


Morphotype 58 
Figure 63A, B 


DESCRIPTION: Medium-sized beetle (8.9 mm 
in length) preserved in lateral view; preserva- 
tion good; no counterpart. Head, pronotum, 
five partial legs, elytra, and partial abdomen 
preserved. Head with blunt anterior margin; 
preocular area expanded, length equal to eye 
diameter; both eyes preserved, located laterally; 
antennae fragmentary: two segments of right 
antenna preserved, segment two 0.4x width of 
basal segment, basal segment short indicating 
antennae not geniculate; six segments of left 
antenna preserved, subequal in length and 
width. Pronotum small, roughly trapezoidal, 
length 1.2x that of head; anterior margin 
straight, posterior margin irregular. Five partial 
legs preserved: one too fragmentary for seg- 
ment determination; two forelegs, one with 
small, quadrate trochanter, femur, and two tar- 
sal segments, other with femur and tibia; one 
middle leg with femur, tibia, two partial tarsal 
segments, and two tarsal claws; one hind leg 
with femur, tibia, and two fragmentary tarsi. 
Femora elongate, length ~7x width, swollen 
medially; tibiae also elongate, length ~12x 
width. Elytra punctate, convex with six rows of 
deep, circular punctures, distance between 
punctures greater than puncture diameter; basal 
margins obscured by pronotum, apices pointed; 
two rectangular, melanized bands medially. 
Possible abdomen visible beneath elytra, pres- 
ervation poor, segmentation indistinct. 

MarTERIAL: Single specimen, VMNH 92743. 
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COMMENTSs: Specimen is very weevillike: it 
has an expanded preocular area, convex elytra 
with rows of punctures, and swollen femora. 
However, diagnostic features of the group are not 
preserved (e.g., pseudotetramerous tarsal struc- 
ture of Phytophaga [Svacha and Lawrence, 2014]; 
geniculate antennae with compact antennal clubs 
as in most Curculionoidea, and radial sclerites 
on hind wings [Oberprieler, 2014]). Specimen is 
unique in the Solite deposit. 


Morphotype 59 
Figure 64A-E 


DESCRIPTION: Medium-sized beetle (7.2 mm 
long) preserved in dorsal view, preservation 
excellent; part and partial counterpart. Head, 
thorax, four partial legs, elytra, and abdomen 
preserved. Body elongate. Head rectangular, 
length 1.1x width, anterior and posterior mar- 
gins roughly straight; prognathous, mandibles 
slightly projecting, visible at anterior margin of 
head; eyes preserved; one partial antenna with 
four basal segments visible, segments short, com- 
pact, first segment roughly twice the width of 
others. Pronotum roughly square, width 1.3x 
length, antero- and posterolateral corners con- 
vex; lateral rim present; pronotum covered in 
faint microsculpture. Four partial legs preserved: 
one fragmentary foreleg with femur and tibia; 
one small fragment of middle leg; two partial 
hind legs, each with short trochanters and partial 
femora. Elytra with fine punctures arranged in 
narrow columns, no scales or microsetae; basal 
and sutural margins convex, apices rounded; epi- 
pleuron thick, with faint microstructure. Abdo- 
men with five segments visible between spread 
elytra, apex rounded. 

MarERIAL: Single specimen, YPM IP 016838. 

COMMENTS: Specimen generally similar in 
habitus to Ommatidae (Archostemata) but lacks 
scalelike setae on elytra. Does not resemble any 
other beetle from the Solite deposit. Specimen 
formerly misidentified as Adephaga in Grimaldi 
and Engel (2005). 
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Morphotype 60 
Figure 65A-F 


DESCRIPTION: Medium-sized beetle (12.7 
mm long, 3.8 mm wide) preserved in possible 
ventral view, preservation excellent; part and 
partial counterpart. Head, thorax, fragmentary 
legs, elytra, and abdomen preserved. Body elon- 
gate, much of surface covered in small nodules. 
Head narrow, length roughly 1.6x width, pre- 
ocular area extended with distinct median fur- 
row and two large paramedian swellings 
ventrally; one eye preserved, small, located lat- 
erally; one partial antenna near anterior margin 
of head, four small segments visible. Pronotum 
asymmetrically preserved, corners rounded, 
width 1.8x that of head; covered in small nod- 
ules. Four partial legs: one fragmentary foreleg; 
one middle leg with tibia and partial tarsus, one 
tibial spur visible, tarsal segments obscure; two 
partial hind legs, each with short, rounded 
coxa, and one with partial femur. Elytra par- 
tially preserved, left elytron revealing straight 
sutural margin and coarse punctures or small 
cells arranged in five partial rows (between 
veins), small nodules in narrow rows apically; 
lateral rim thick, small nodules throughout; ely- 
tral apices rounded. Abdomen with five seg- 
ments visible, apex gently pointed. 

MATERIAL: Single specimen, AMNH 04-59. 

CoMMENTs: Specimen belonging to suborder 
Archostemata, possibly to family Cupedidae. 
Head structure similar to Notocupes rostratus 
(Ponomarenko, 1969). Does not resemble any 
other beetle from the Solite deposit. 


Morphotype 61 
Figures 66A, B, 67A-E 


DESCRIPTION: Very large specimen (>33 
mm long, 9.3 mm wide) preserved in a dorsal, 
somewhat oblique view; preservation good; 
part and counterpart. Body elongate, covered 
in dense, fine nodules. Head with mouthparts, 
pronotum, scutellum, three partial legs, and 
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elytra preserved. Head prognathous; mandi- 
bles large, elongate, cone-shaped, length 1.7x 
that of head; clypeus and/or labrum filling 
space between mandibles. Eyes small, widely 
separated. Pronotum roughly rectangular, 
length 0.6x width; anterior margin straight, 
lateral margins irregular, posterior margin 
straight medially and concave laterally; antero- 
lateral corners pointed. Scutellum heart 
shaped. Three partial legs preserved: one dis- 
articulated leg anterior to head, possible femur 
and tibia; one foreleg with partial femur, tibia, 
and tarsus; tarsus with five segments of differ- 
ing lengths, apical segment the longest, 
bilobed; one fragment of middle or hind leg 
overlapping elytron, possibly femur. Elytra 
elongate, covered in dense, fine nodules; ante- 
rior margins strongly convex, sutural margins 
straight, apices not preserved. Abdomen faint, 
two segments visible beneath elytra. 

MarTERIAL: Single specimen, VMNH 49597. 

ComMENts: Not identifiable beyond order. 
Specimen is unique; does not resemble any other 
beetle from the Solite deposit. Specimen is 
among the largest articulated insects known 
from the Solite deposit; only one other specimen 
reaches ~30 mm in length: VMNH 97999, a pos- 
sible neuropteran. 


ELYTRAL MORPHOTYPE ACCOUNTS 
Morphotype 62 
Figure 68A, B 


DESCRIPTION: Complete elytron (no counter- 
part) from the Walnut Cove Formation. Small 
(2.1 mm long, 1 mm wide), unornamented; pres- 
ervation good, preserved without relief. Asym- 
metrical, length 2.1x width, basal half subequal 
in width. Basal margin nearly straight, corners 
rounded, apex broadly rounded. Sutural margin 
straight, lateral margin strongly curved. Thin lat- 
eral rim. No striae, punctation, ornamentation, 
or microstructure apparent. 

MarTERIAL: Single specimen, VMNH 97505. 
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Morphotype 63 
Figure 68C, D 


DESCRIPTION: Complete elytron (part and coun- 
terpart) from the Cow Branch Formation. Small (1.8 
mm long, 0.8 mm wide), unornamented; preserva- 
tion good, preserved without relief. Asymmetrical, 
length roughly 2.3x width, widest medially. Basal 
margin straight, baso-lateral corner rounded and 
obtuse, baso-sutural corner right-angled, sutural 
margin convex, apex pointed. Thin lateral rim. No 
striae, ornamentation, or microstructure. 

MATERIAL: Illustration and description based 
on VMNH 99030. Two additional specimens 
possibly belonging to this morphotype: VMNH 
50114 and VMNH 99031. 

COMMENTS: Very similar in size and shape to 
VMNH 99031 (1.7 mm long, 0.8 mm wide), 
which is about 6 mm away on the same slab; 
likely from same species or individual. 


Morphotype 64 
Figure 68E, F 


DEscrIPTION: Elytron (no counterpart) from 
the Walnut Cove Formation. Small (2.3 mm long, 
1.2 mm wide), unornamented; concave in relief 
with inner surface visible, preservation fair. Sym- 
metrical, almond shaped, widest medially, length 
roughly 1.9x width. Basal margin gently curved, 
lateral and sutural margins strongly convex, cor- 
ners poorly preserved, apex bluntly pointed. No 
lateral rim. No striae or ornamentation apparent. 

MATERIAL: Single specimen, VMNH 95504. 

ComMENTs: Shape and proportions similar to 
elytra of articulated Solite morphotype 6 (1.2 
mm long, 0.6 mm wide; fig. 8), though slightly 
larger in size and lacking the fine setae found in 
morphotype 6. 


Morphotype 65 
Figure 68G, H 


DESCRIPTION: Complete elytron (no counter- 
part) from the Walnut Cove Formation. Small 
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(4.1 mm long, 1.7 mm wide), unornamented; 
preservation good, preserved without relief. 
Roughly symmetrical, widest medially; length 
2.4x width. Basal margin rounded, corners 
obtuse, lateral and sutural margins convex, apex 
rounded. No lateral rim. Possible tubular vein 
basally. No striae or ornamentation apparent. 
MATERIAL: Single specimen, VMNH 97607. 


Morphotype 66 
Figure 68], J 


DESCRIPTION: Complete elytron (part and 
counterpart) from the Walnut Cove Formation. 
Small (2.9 mm long, 1.2 mm wide), unorna- 
mented; preservation good, preserved without 
relief. Elongate, symmetrical, length 2.4x width, 
basal half subequal in width, narrowing signifi- 
cantly toward apex. Basal margin nearly straight, 
corners rounded, lateral margins slightly convex, 
apex sharply pointed. Slight lobe along mediolat- 
eral margin; thin lateral rim along opposite side. 
No striae or ornamentation apparent. 

MarTERIAL: Single specimen, VMNH 97319. 


Morphotype 67 
Figure 68K, L 


DEscrIPTION: Elytron (no counterpart) from 
the Walnut Cove Formation. Small (1.6 mm 
long, 0.5 mm wide), unornamented; preservation 
good, strongly concave in relief. Elongate, asym- 
metrical, length roughly 3.2x width, narrowing 
significantly toward apex. Basal margin partially 
obscured by matrix, appears rounded; lateral 
margins slightly convex, apex pointed; distinct 
lobe present along upper margin. Thin lateral 
rim along basal margin; possible vein along pos- 
terior two-thirds of margin, slender, tubular. 
Large depression anteriorly. No striae or orna- 
mentation apparent. 

MATERIAL: Illustration and description based 
on VMNH 97104. One additional specimen pos- 
sibly belonging to this morphotype: VMNH 
94895. 


COoMMENTs: Similar to VMNH 94895 (1.6 
mm long, 0.5 mm wide) in size, shape, and 
presence of lobe along lateral margin. Two 
articulated morphotypes also share a similar 
elytral lobe: morphotypes 38 and 54 (figs. 43, 
59). Their elytra are of similar size (1.5-1.6 mm 
in length); however, they are striate and reticu- 
lated, respectively. 


Morphotype 68 
Figure 69A, B 


DESCRIPTION: Complete elytron (part and 
counterpart) from the Cow Branch Formation. 
Small (2 mm long, 0.7 mm wide), with color pat- 
tern; preservation good, preserved without relief. 
Asymmetrical, length 2.9x width, widest medi- 
ally. Basal margin nearly straight, visible baso- 
lateral corner rounded, lateral margins convex, 
apex bluntly pointed. No lateral rim. Color pat- 
tern distinct. 

MATERIAL: Single specimen, VMNH 54567. 

CoMMENTs: A few other Solite specimens 
have color patterns on their elytra, but the pat- 
tern of this specimen is unlike that of any other 
in the deposit. 


Morphotype 69 
Figure 69C, D 


DESCRIPTION: Fragmentary elytron (no 
counterpart) from the Walnut Cove Formation. 
Small (3.6 mm long, 1.1 mm wide, as pre- 
served), covered in large nodules; preservation 
fair, preserved without relief. Elongate, parallel 
sided; narrow, width subequal throughout. 
Basal margin not preserved, one lateral margin 
irregular, apex obscured by matrix. Small sec- 
tion of lateral rim visible anteriorly. Covered in 
nodules, nodules large (~0.07 mm diameter) 
relative to size of elytron, distinct, circular or 
ovate; arranged in 8 rows, decreasing in size 
apically; space between nodules roughly equal 
to nodule diameter. 

MATERIAL: Single specimen, VMNH 95448. 
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Comments: Nodular elytra are uncommon; 
specimen is unlike any other in the Solite deposit. 


Morphotype 70 
Figure 69E-G 


DESCRIPTION: Complete elytron (no coun- 
terpart) from the Walnut Cove Formation. 
Small (3.3 mm long, 1.3 mm wide), covered in 
prominent nodules; preservation good, pre- 
served without relief. Ovate, nearly symmetri- 
cal, length 2.5x width; widest medially, tapering 
basally and apically. Basal margin straight; cor- 
ners asymmetrical, one right-angled, other 
obtuse; lateral margins convex, apex broadly 
rounded. Fragmentary lateral rim visible along 
one margin, thin. Loss of carbon film producing 
faux color pattern. Nodules prominent, circular, 
raised like small pedestals; arranged in 10 rows, 
distance between nodules slightly greater than 
nodule diameter. 

MATERIAL: Illustration and description based 
on VMNH 95487. Three additional specimens 
possibly belonging to this morphotype: VMNH 
95602, 97427, and 98236. 

ComMENTts: The nodules of this specimen are 
very unique. A few other specimens from the 
Walnut Cove Formation have a similar arrange- 
ment of potential nodules (VMNH 95602, 97427, 
and 98236). Four slightly smaller specimens 
(VMNH 96875, 97151, 98311, and 98312) also 
have a similar appearance. 


Morphotype 71 
Figure 70A, B 


DESCRIPTION: Fragmentary elytron (no coun- 
terpart) from the Walnut Cove Formation. 
Medium sized (8.2 mm long, 2.4 mm wide, as 
preserved), covered in dense nodules; preserva- 
tion fair, preserved without relief. Elongate; basal 
margin and apex not preserved. Lateral rim 
along one margin, thick, distinct. Entire elytral 
surface covered in dense nodules producing 
“bumpy” appearance; nodules circular, very 
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densely packed; three distinct lines of nodules 
visible in basal half of elytron, probably veins. 
MaTERIAL: Single specimen, VMNH 97492. 
CoMMENTSs: This specimen is unique in the 
Solite deposit. 


Morphotype 72 
Figure 71A, B 


DESCRIPTION: Fragmentary elytron (part and 
counterpart) from the Walnut Cove Formation. 
Medium sized (6.4 mm long, 3.1 mm wide, as 
preserved), with window punctures; preservation 
good, preserved without relief. Somewhat sym- 
metrical in preserved portion; basal margin not 
preserved, lateral margins convex, apex bluntly 
pointed. Wide lateral rim along one margin. 
Window punctures large (up to 0.25 mm in 
diameter), irregularly shaped, polygonal; 
arranged in approximately 10 rows, distance 
between punctures varies. 

MaTERIAL: Single specimen, VMNH 49731. 

ComMENTs: Counterpart of specimen VMNH 
95436. Similar to Early Jurassic (Sinemurian-Toar- 
cian) Zygadenia westraliensis of Western Australia 
(Martin, 2010: fig. 2b; fig. 71C herein; >4.3 mm 
long, 2.5 mm wide). Also similar in size and shape 
to Species 20 (6 mm long) of Papier et al. (2005) 
from the Anisian of France; however, the punctures 
of the French specimen are more densely packed. 
Specimen is unique in the Solite deposit and likely 
belongs to suborder Archostemata due to the pres- 
ence of window punctures. 


Morphotype 73 
Figure 71D, E 


DESCRIPTION: Two fragmentary, partially 
overlapping elytra (no counterpart) from the 
Cow Branch Formation, seemingly poorly scler- 
otized. Medium sized (>7.6 mm long, as pre- 
served), with large, latticelike cells; preservation 
fair. Basal margins and apices not preserved, no 
lateral rim visible. Cells large (~0.14 mm diam- 
eter) but decreasing in size apically, polygonal, 
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arranged in rows forming reticulate pattern; cell 
preservation differs on each elytron: cells of right 
elytron have a more three-dimensional appear- 
ance, cells of left elytron appear flatter. 
MATERIAL: Single specimen, VMNH 94836. 
ComMMENTs: This specimen is unique in the 
Solite deposit; no other Solite specimens share its 
apparently poor sclerotization or latticelike cells. 
These elytra appear to most resemble those of liv- 
ing members of the family Cupedidae (Suborder 
Archostemata). Original specimen could not be 
located; specimen was examined from a photo. 


Morphotype 74 
Figure 72A—C 


DESCRIPTION: Fragmentary elytron (part and 
counterpart) from the Walnut Cove Formation. 
Medium sized (5.6 mm long, 2.3 mm wide, as pre- 
served), with large punctures covering surface; 
preservation good, preserved without relief. Asym- 
metrical, elongate, somewhat rectangular, width 
subequal throughout preserved portion. Basal mar- 
gin and apex not preserved; sutural margin straight, 
lateral margin convex, irregular, possibly artifact of 
preservation. Very wide lateral rim with single row 
of rectangular punctures. Punctures large (0.2 mm 
diameter), rounded or ovate; oriented in at least six 
rows, rows uneven; distance between punctures 
greater than puncture diameter. Splotchy, irregular 
areas of darker pigment present over entire length 
of elytral surface. 

MarTERIAL: Single specimen, VMNH 97509. 

ComMENts: There are many other Triassic 
beetles with large elytral punctures, but the shape 
of this elytron and its arrangement of punctures 
is unique. Specimen also does not resemble any 
others from the Solite deposit. 


Morphotype 75 
Figure 72D-F 


DESCRIPTION: Nearly complete elytron (part 
and counterpart) from the Walnut Cove Forma- 
tion. Medium sized (6 mm long, 2.2 mm wide), 
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possibly punctate; preservation good, preserved 
with some relief. Somewhat triangular in shape, 
length 2.7x width, width subequal in basal half, 
tapering apically. Basal margin straight, visible 
corner right-angled, lateral margins slightly con- 
vex, apex pointed. Sinuous furrow anterolaterally; 
thin lateral rim along one margin, long tubular 
vein along other margin; “schiza” present laterally. 
Entire surface covered in fine microsculpture, 
possibly minute punctations; also traces of larger, 
circular punctation visible anteriorly. 

MarTERIAL: Single specimen, VMNH 97500. 

ComMENTs: Elytron belongs to Phoros- 
chizidae (= Schizophoridae; Bouchard and Bos- 
quet, 2020) due to the distinct schiza. The 
combination of fine microsculpture with traces 
of larger punctations makes this specimen 
unique in the Solite deposit. 


Morphotype 76 
Figure 73A-—C 


DESCRIPTION: Nearly complete elytron (no 
counterpart) from the Cow Branch Formation. 
Medium sized (8.8 mm long, 3.4 mm wide), 
punctate; preservation good, preserved without 
relief. Elongate, ovate, length 2.6x width. Basal 
margin fragmentary, sutural margin straight, lat- 
eral margin convex, apex broadly rounded. Thin 
lateral rim along sutural margin. Punctures small 
(0.1 mm in diameter), roughly circular, arranged 
in 10 rows; distance between punctures roughly 
equal to puncture diameter; punctures not visi- 
ble near elytral apex. 

MATERIAL: Single specimen, AMNH 04-87. 

CoMMENTs: This specimen is relatively large 
compared to most isolated elytra from the Solite 
deposit; it does not resemble any other speci- 
mens from this deposit. 


Morphotype 77 
Figure 73D-F 


DESCRIPTION: Fragmentary elytron (no 
counterpart) from the Walnut Cove Formation. 
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Medium sized (6 mm long, 2.6 mm wide, as 
preserved), punctate; preservation fair, pre- 
served without relief. Elongate, somewhat ovate, 
basal margin and majority of one lateral margin 
not preserved; lateral margins apparently con- 
vex, apex obscured. Tubular vein spanning the 
length of one lateral margin; partial lateral rim 
visible along other margin. Punctures large 
(~0.1 mm in diameter) relative to size of ely- 
tron, roughly circular, arranged in at least 10 
rows; distance between punctures slightly 
greater than puncture diameter. 

MarTERIAL: Single specimen, VMNH 97571. 

COMMENTS: Fragmentary preservation makes 
comparison difficult, but specimen somewhat 
resembles elytra of Lithocupes punctatus in size 
(elytra 8.5 mm long, 3.5 mm wide), proportions, 
and puncture pattern (Carnian, Kyrgyzstan; 
Ponomarenko, 1969). 


Morphotype 78 
Figure 74A, B 


DESCRIPTION: Almost complete elytron (no 
counterpart) from the Walnut Cove Formation. 
Large (15 mm long, 4.4 mm wide, as preserved), 
punctate; preservation excellent, preserved with- 
out relief. Elongate, somewhat symmetrical, 
length 3.4x width, roughly parallel sided, width 
subequal in anterior three-quarters. Basal mar- 
gin rounded with a distinctive notch laterally, 
corners asymmetrical, lateral margins roughly 
straight, apex not preserved. Distinct lateral rim; 
possible tubular veins on both sides of elytron. 
Punctures small (0.9-0.14 mm diameter), circu- 
lar, decreasing in size posteriorly; arranged in 
roughly twenty rows, not present in apical 
quarter. 

MarTERIAL: Single specimen, VMNH 95456. 

COMMENTS: Specimens of this size are 
unusual in the Solite deposit; the only other bee- 
tle with elytra of a similar size is morphotype 61 
(figs. 66, 67), though its elytra are not punctate. 
Specimen belonging to Phoroschizidae (= 
Schizophoridae; Bouchard and Bosquet, 2020) 
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and closely matching two specimens (PIN, nos. 
2470/979 and 2470/897) from the Upper Jurassic 
Shar Teg lagerstatte of Mongolia (Ponomarenko 
et al., 2014: fig. 29/3-5), though the sizes of those 
specimens are unknown. 


Morphotype 79 
Figure 75A, B 


DESCRIPTION: Fragmentary elytron (no coun- 
terpart) from the Walnut Cove Formation. 
Medium sized (9.5 mm long, 3 mm wide, as pre- 
served), punctate; preservation fair, preserved 
without relief. Elongate, asymmetrical. Basal 
margin obscured by matrix, lateral margins 
slightly convex, apex pointed. Lateral rim along 
one margin. Punctures small, circular to irregu- 
larly shaped, arranged in irregular rows, densely 
covering elytral surface except in apical area. 

MATERIAL: Single specimen, VMNH 97425. 

COMMENTs: Specimen unlike other Solite 
specimens in both larger size and elytral surface 
densely covered in somewhat circular 
punctures. 


Morphotype 80 
Figure 76A, B 


DEscrRIPTION: Isolated elytron (no counter- 
part) from the Walnut Cove Formation. Small 
(3.3 mm long, 1.2 mm wide, as preserved), with 
punctate striae; preservation good, preserved 
with little relief. Ovate, left margin of elytron 
not preserved. Basal margin apparently straight, 
visible corner broadly rounded, apex not pre- 
served. No lateral rim; narrow shelf anterolater- 
ally. Ten punctate striae, parallel, not preserved 
apically; punctures small (~0.04 mm in diame- 
ter), rectangular in rightmost three striae, 
roughly circular in others; distance between 
punctures much greater than puncture 
diameter. 

MarTERIAL: Single specimen, VMNH 95483. 

CoMMENTS: The punctate striae of this 
specimen are unique in the Solite deposit. An 
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isolated elytron specimen (Dzeregia platis) 
from the Upper Jurassic Shar Teg lagerstatte of 
Mongolia (Ponomarenko et al., 2014: fig. 76) 
shares a somewhat similar pattern of punctate 
striae, though the Mongolian specimen is 
slightly larger (5.7 mm long, 2.7 mm wide), 
and the punctures are not visible on three of 
the 10 striae. Additionally, the characteristic 
shortened second stria from the sutural mar- 
gin of Dzeregia is not discernable on the Solite 
specimen due to its fragmentary lateral 
preservation. 


Morphotype 81 
Figure 76C, D 


DESCRIPTION: Complete elytron (no counter- 
part) from the Walnut Cove Formation. Small 
(2.3 mm long, 1.2 mm wide), striate; preserva- 
tion good, slightly concave in relief. Symmetri- 
cal, length 1.9x width, basal half subequal in 
width. Basal margin roughly straight, corners 
obtuse, lateral margins convex, apex broadly 
rounded. Hinge present anterolaterally. Thin lat- 
eral rim along margins. Ten striae, faint, poorly 
preserved apically; visible only when specimen 
held at an angle. 

MarTERIAL: Single specimen, VMNH 95443. 

COMMENTs: Similar in size and proportions 
to Solite morphotype 85 (fig. 76K, L) but differs 
in number of striae, rounded apex, and thinner 
lateral rim. 


Morphotype 82 
Figure 76E, F 


DEscriPTION: Isolated elytron (part and 
counterpart) from the Walnut Cove Formation. 
Small (2.7 mm long, 1.3 mm wide), striate; pres- 
ervation good, preserved with exaggerated relief. 
Almond shaped, length 2.1x width; basal two- 
thirds subequal in width, tapering apically. Basal 
margin slightly convex; corners obtuse, rounded; 
sutural margin straight, lateral margin convex, 
apex rounded. Thin rim visible laterally and 
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basally. Eight striae, indistinct basally, converg- 
ing apically. 

MATERIAL: Illustration and description based 
on VMNH 96665. Nine additional specimens 
possibly belonging to this morphotype: VMNH 
95034, 96643, 96822, 96825, 97293, 97334, 
97561, 97580, and 98470. 

ComMENTts: This general shape is fairly com- 
mon in the Solite deposit, though most speci- 
mens have slight differences. Most similar to 
Solite morphotype 83 (fig. 76G, H) but differs in 
shape of basal margin. 


Morphotype 83 
Figure 76G, H 


DESCRIPTION: Elytron (no counterpart) 
from the Walnut Cove Formation. Small (3.3 
mm long, 1.8 mm wide), striate; preservation 
fair, strongly convex in relief. Asymmetrical, 
length 1.8x width, basal half subequal in 
width, tapering apically. Basal margin straight, 
corners poorly preserved, lateral margins con- 
vex, apex rounded. Raised lobe oriented paral- 
lel to one corner; thin lateral rim along lateral 
margins. Eight striae, indistinct basally, con- 
verging toward apex. 

MATERIAL: Single specimen, VMNH 96826. 

CoMMENTs: Somewhat similar in proportions 
to Polysitum minutus elytron (Dunstan, 1923: pl. 
3, fig. 25), though Solite specimen is slightly 
larger and has distinct striae. Most similar to 
Solite morphotype 82 (fig. 76E, F) but differs in 
shape of basal margin. 


Morphotype 84 
Figure 76], J 


DESCRIPTION: Fragmentary elytron (no coun- 
terpart) from the Walnut Cove Formation. Small 
(2.2 mm long, 1.4 mm wide, as preserved) stri- 
ate; preservation good, convex in relief. Roughly 
symmetrical in preserved portion. Basal margin 
and corners not preserved, lateral margins con- 
vex, apex pointed. Lateral rim along both mar- 
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gins, very thin. Ten striae present, well-defined, 
parallel medially, converging toward apex. 
MarTERIAL: Single specimen, VMNH 97581. 
COMMENTS: Somewhat resembles “Coleop- 
teron sp. form E” from Turkey (Laurentiaux, 
1946: pl. 3, fig. 8). 


Morphotype 85 
Figure 76K, L 


DESCRIPTION: Complete elytron (no coun- 
terpart) from the Cow Branch Formation. 
Small (2.3 mm long, 1.2 mm wide), striate; 
preservation good, preserved with slight relief. 
Near symmetrical, almond shaped, length 1.9x 
width, basal half subequal in width, tapering 
apically. Basal margin gently curved; corners 
asymmetrical, one obtuse and rounded, other 
roughly right-angled; lateral margins convex, 
apex pointed. Wide lateral rim along both lat- 
eral margins. Nine striae, faint, most visible 
when specimen viewed at an angle; poorly pre- 
served apically. 

MaTERIAL: Single specimen, VMNH 54201. 

COMMENTS: Similar in size and shape to Solite 
morphotype 81 (fig. 76C, D), but differs in num- 
ber of striae, sharply pointed apex, and wider 
lateral rim. 


Morphotype 86 
Figure 77A, B 


DESCRIPTION: Complete elytron (no coun- 
terpart) from the Cow Branch Formation. 
Small (3.3 mm long, 1.2 mm wide), striate; 
preservation good, preserved without relief. 
Elongate, length 2.8x width. Basal margin 
asymmetrical, outer corner roughly right- 
angled, inner corner broadly rounded, obtuse; 
apex broadly rounded. Lateral rim thin, visible 
along outer margin. Eleven striae, converging 
both anteriorly and at apex. 

MaTERIAL: Single specimen, VMNH 50186. 

CoMMENTs: Only known Solite specimen 
possessing more than 10 definitive striae. 
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Morphotype 87 
Figure 77C, D 


DESCRIPTION: Fragmentary elytron (no coun- 
terpart) from the Walnut Cove Formation. Small 
(3.2 mm long, 1.7 mm wide, as preserved), stri- 
ate; preservation good, slightly convex in relief. 
Preserved portion symmetrical. Basal portion 
not preserved, lateral margins convex, apex 
broadly rounded. Thin lateral rim; small shelf 
apically. Eight distinct striae, mostly parallel, 
converging at apex. 

MarTERIAL: Single specimen, VMNH 97304. 


Morphotype 88 
Figure 77E, F 


DESCRIPTION: Fragmentary elytron (no coun- 
terpart) from the Walnut Cove Formation. Small 
(1.4 mm long, 0.7 mm wide, as preserved), stri- 
ate; preservation fair, preserved without relief. 
Basal portion not preserved, carbon lost but par- 
tial stria imprints remain; apex broadly rounded. 
Lateral rim thin, distinct. Nine well-defined 
striae, 8th and 9th converge; others do not 
appear to converge apically. 

MATERIAL: Single specimen, VMNH 97376. 

COMMENTs: Fragmentary preservation makes 
comparison to other Solite specimens difficult. 


Morphotype 89 
Figure 77G, H 


DESCRIPTION: Complete elytron (no counter- 
part) from the Walnut Cove Formation. Small 
(3.5 mm long, 1.5 mm wide), striate; preserva- 
tion good, preserved without relief. Elytron 
asymmetrical, length 2.3x width, basal one-third 
subequal in width, tapering toward apex. Basal 
margin straight, small incision medially; corners 
obtuse, rounded; lateral margins convex, apex 
pointed. Very thin lateral rim along one lateral 
margin and half of basal margin. Nine striae, 
parallel, not preserved basally; curved, bending 
laterally, not converging at apex. 
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MATERIAL: Single specimen, VMNH 98968. 

ComMENts: This morphotype is most similar 
to morphotype 90 (3.4 mm long, 1.3 mm wide, 
as preserved; fig. 771, J), though apices cannot be 
compared. Solite morphotypes 51 and 91 (figs. 
56, 77K, L) also possess outward curving striae, 
but morphotype 91 has 10 striae that are much 
deeper and more pronounced. The elytra of 
articulated morphotype 51 are also somewhat 
similar, but have 8 striae and a shelf along the 
outermost stria. 


Morphotype 90 
Figure 77], J 


DESCRIPTION: Fragmentary elytron (no 
counterpart) from the Cow Branch Formation. 
Small (3.4 mm long, 1.3 mm wide, as pre- 
served), striate; preservation good, preserved 
without relief. Elongate, asymmetrical, width 
subequal in anterior two thirds. Basal margin 
roughly straight, corners obtuse, pointed, apex 
not preserved. Lateral rim very thin, only visi- 
ble anterolaterally. Ten striae, parallel, bending 
laterally. 

MATERIAL: Single specimen, VMNH 129483. 

COMMENTS: Outward-curving striae are simi- 
lar to those of Solite morphotypes 51, 89, and 91 
(figs. 56, 77G, H, 77K, L). Specimen is most 
similar in size and shape to morphotype 89 (3.5 
mm long, 1.5 mm wide), though elytral apices 
cannot be compared. Morphotype 91 also has 
striae that curve similarly, but it has 10 striae and 
they are deeper and more pronounced. ‘The ely- 
tra of articulated morphotype 51 are also some- 
what similar, but possess eight striae and a shelf 
along the outermost stria. 


Morphotype 91 
Figure 77K, L 


DESCRIPTION: Fragmentary elytron (part and 
counterpart) from the Walnut Cove Formation. 
Small (2.7 mm long, 1.3 mm wide, as preserved), 
striate; preservation poor, carbon lost anteriorly 
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but stria impressions remain; preserved with 
relief. Somewhat ovate in shape. Basal margin 
and apex not preserved, widest medially; lateral 
margins convex. Thin lateral rim present along 
one margin. Ten striae, very deep, distinct; bend 
laterally as approach apex. 

MaTERIAL: Single specimen, VMNH 97346. 

COMMENTS: Striae are deep and pronounced 
like those of Ischichucasyne santajuanaensis (Gal- 
lego et al., 2005: pl. 3, fig. 7). Striae curve in a 
similar way to those of Solite morphotypes 51, 
89, and 90 (figs. 56, 77G, H, 771, J). 


Morphotype 92 
Figure 78A, B 


DESCRIPTION: Complete elytron (no counter- 
part) from the Walnut Cove Formation. Small 
(2.7 mm long, 1 mm wide), striate; preservation 
good, preserved without relief. Asymmetrical, 
somewhat almond shaped, elongate, length 2.7x 
width, widest medially. Basal margin convex, 
preserved corner obtuse; sutural margin roughly 
straight, apex pointed. Lateral rim thin, visible 
along almost entire elytron. Possibly eight striae, 
only four distinct; striae very faint, preserved 
only medially. 

MATERIAL: Single specimen, VMNH 95536. 

CoMMENTs: Similar in size and proportions to 
isolated elytron specimens assigned to the genus 
Ademosyne, e.g., Ademosyne punctuada (2.8-4.5 
mm long, 1.2-1.7 mm wide; 6-9 striae) from the 
Carnian of Argentina (Martins-Neto et al., 2006). 


Morphotype 93 
Figure 78C, D 


DESCRIPTION: Elytron (part and counterpart) 
from the Walnut Cove Formation. Small (3 mm 
long, 1.1 mm wide), striate; preservation good, 
preserved with some relief. Ovate, symmetri- 
cal, length 2.7x width, widest medially, tapering 
strongly in apical third. Basal and lateral mar- 
gins strongly convex, apex obscured by matrix. 
Lateral rim distinct, thin, present along both 
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margins. Nine striae, faint, poorly preserved, 
converging basally and apically. 

MarERIAL: Single specimen, VMNH 97305. 

COMMENTS: Counterpart to VMNH 96828. 
Similar in proportions and striae configuration 
(9-10 striae converging apically) to “Species 7” 
of Papier et al. (2005) from the Anisian of France, 
though the French specimen is much larger (9 
mm long, 3 mm wide). Does not resemble any 
other Solite specimens. 


Morphotype 94 
Figure 78E, F 


DESCRIPTION: Complete elytron (part and 
counterpart) from the Walnut Cove Formation. 
Small (3 mm long, 1 mm wide), striate; preserva- 
tion good, preserved without relief. Elongate, asym- 
metrical, distinctly narrow; length 3x width, widest 
point roughly one-third the length from basal mar- 
gin, tapering apically. Basal margin strongly convex, 
lateral margins roughly straight, apex pointed. 
Slight ridge anterolaterally; lateral rim thin, distinct, 
present along both lateral margins. Seven distinct 
striae, faint, converging apically. 

MaTERIAL: Illustration and description based 
on VMNH 97583. One additional specimen pos- 
sibly belonging to this morphotype: VMNH 99324. 

COMMENTs: Similar in size and proportions 
to Solite specimen VMNH 99324. Also similar in 
proportions to Tryoniopsis granulata (Dunstan, 
1923: pl. 7, fig. 59) from the Denmark Hill insect 
bed of Queensland, Australia, though the Aus- 
tralian specimen is larger (5.7 mm long, 1.8 mm 
wide) and has nine striae. 


Morphotype 95 
Figure 78G, H 


DEscRIPTION: Isolated elytron (no counter- 
part) from the Walnut Cove Formation. Small (3.5 
mm long, 0.9 mm wide), striate; preservation fair, 
preserved without relief. Elongate, very narrow, 
length 3.9x width, tapering apically; widest point 
roughly one-third the length from basal margin. 
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Basal margin partially preserved, convex; apex 
narrow, pointed. Very thin rim along both lateral 
margins. Striae faint, poorly preserved, at least 
four visible; parallel, not converging. 

MATERIAL: Single specimen, VMNH 98277. 

CoMMENTSs: Specimen is distinctly narrow; 
does not resemble any other elytron specimens 
from the Solite deposit. 


Morphotype 96 
Figure 78I, J 


DEscRIPTION: Elytron (no counterpart) from 
the Cow Branch Formation. Small (2.3 mm long, 
0.7 mm wide, as preserved), striate; preservation 
fair, preserved without relief. Specimen very 
faint, not visible without use of ethanol. Distinc- 
tively narrow, length >3.3x width, widest medi- 
ally. Basal margin and corners poorly preserved, 
lateral margins slightly convex, apex not visible. 
No lateral rim. Eight striae visible, faint, pre- 
served only in central portion. 

MATERIAL: Single specimen, VMNH 95971. 

CoMMENTs: Specimen very faint, near invisi- 
ble without using ethanol. 


Morphotype 97 
Figure 78K, L 


DEscriPTION: Isolated elytron (part and 
counterpart) from the Walnut Cove Formation. 
Medium sized (7.5 mm long, 2.7 mm wide, as 
preserved), striate; preservation good, preserved 
with slight relief. Oblong, narrowest basally, 
width subequal throughout majority of preserved 
portion. Basal margin not preserved, lateral mar- 
gins roughly straight, apex obscured by matrix. 
Thin lateral rim. Ten well-defined striae, straight, 
parallel, not converging, oriented at an angle 
relative to lateral margins. 

MarTERIAL: Single specimen, VMNH 96824. 

COMMENTS: Counterpart to specimen VMNH 
95508. Specimen is fairly large for the Solite 
material. Does not resemble any other specimen 
from the Solite deposit. 
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FIG. 5. Morphotypes 1 and 2. A, B. Morphotype 1, VMNH 95900. C, D. Morphotype 2, YPM IP 
036448. Scale bars: 0.5 mm. 
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FIG. 6. Morphotypes 3 and 4. A, B. Morphotype 3, AMNH 04-93. C, D. Morphotype 4, VMNH 
129480. Scale bars: 0.5 mm. 
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FIG. 7. Morphotype 5. A-C. VMNH 95086. D. YPM IP 034686, photograph courtesy of YPMNH. E. 
VMNH 94862, photograph courtesy of VMNH. Scale bars: 1 mm. 
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FIG. 8. Morphotype 6, VMNH 53853. A, C. Part. B, D. Counterpart, elytral setae. Scale bars: A, C: 0.5 
mm; B, D: 0.1 mm. 
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FIG. 9. Morphotype 7, VMNH 90298. A, B. Part. C. Counterpart. D. Counterpart, middle leg and hind 
leg showing fine setae. Scale bars: A-C: 0.5 mm; D: 0.25 mm. 


48 BULLETIN AMERICAN MUSEUM OF NATURAL HISTORY NO. 467 


a 


: 


FIG. 10. Morphotype 8, AMNH 04-90. A, B. Part. C. Counterpart. D. Head of part. E. Head of coun- 
terpart. Scale bars: A-C: 0.5 mm; D, E: 0.1 mm. 
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FIG. 11. Morphotype 9, AMNH 04-77. A, B. Habitus. C. Head and pronotum. D. Tip of abdomen 
showing partial genitalia. Scale bars: A-C: 0.5 mm; D: 0.1 mm. 
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FIG. 12. Morphotype 10, AMNH 04-88. Scale bar: 0.5 mm. 
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FIG. 13. Morphotype 11, VMNH 51912. Scale bar: 0.5 mm. 
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FIG. 14. Morphotype 12, VMNH 51273. A, B. Part. C. Counterpart. D. Antenna of counterpart. Scale 
bars: A-C: 1 mm; D: 0.25 mm. 
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FIG. 15. Morphotype 13, VMNH 51271. A, B. Part. C. Counterpart. D. Head of part. Scale bars: 
1 mm; D: 0.25 mm. 
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FIG. 16. Morphotype 14, VMNH 51944. A, B. Habitus. C. Antennae. Scale bars: A, B: 1 mm; C: 0.5 
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FIG. 17. Morphotype 15, VMNH 51991. A, B. Part. C. Counterpart. D. Antenna of part. mse = mes- 
epimeron; mte = metepisternum. Scale bars: A-C: 1 mm; D: 0.25 mm. 
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FIG. 18. Morphotype 16, VMNH 211462. Scale bar: 1 mm. 
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FIG. 19. Leehermania prorova. A, B. VMNH 49570 (holotype, formerly published as VMNH 734, 
Chatzimanolis et al., 2012). C. VMNH 50174. D. VMNH 50277. E. VMNH 50064. FE. YPM IP 036452, 
staphylinid possibly belonging to L. prorova. Scale bars: 0.5 mm. 
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FIG. 20. Morphotype 17, VMNH 50075. A, B. Part. C. Antennae of part showing fine setae. D. Coun- 
terpart. Scale bars: A, B, D: 0.25 mm; C: 0.1 mm. 
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FIG. 21. Morphotype 18, VMNH 95059. Scale bar: 0.5 mm. 
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FIG. 22. Morphotype 19, VMNH 94513. Scale bar: 0.25 mm. 


61 


CRISCIONE-VASTANO AND GRIMALDI: BEETLES OF THE SOLITE DEPOSIT 


2024 


FIG. 23. Morphotype 20, YPM IP 036445. Scale bar: 0.25 mm. 
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FIG. 24. Morphotype 21, VMNH 51491. Scale bar: 1 mm. 
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FIG. 25. Morphotype 22, VMNH 51822. A, B. Part. C. Counterpart. Scale bars: 1 mm. 
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FIG. 26. Morphotype 23, VMNH 97984. A, B. Habitus. C. Mouthparts and foreleg. D. Middle leg. tr 
= trochanter. Scale bars: A, B: 0.5 mm; C, D: 0.25 mm. 
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FIG. 27. Morphotype 24, VMNH 49593. A, B. Habitus. C. Head. D. Hind leg. Scale bars: 1 mm. 
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FIG. 28. Morphotype 25, AMNH 04-81. Scale bar: 1 mm. 
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FIG. 29. Morphotype 26, VMNH 49650. A, B. Part. C. Counterpart. D. Head of part. E. Dense micro- 
trichia covering elytra. Scale bars: A-D: 1 mm; E: 0.5 mm. 
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FIG. 30. Morphotype 27, VMNH 98157. A, B. Habitus. C. Head and anterior margins of elytra. D. 
Right elytron showing dense setae. Scale bars: A, B: 1 mm; C, D: 0.5 mm. 
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FIG. 31. Morphotype 28, AMNH 04-57. A, B. Part. C. Counterpart. D, E. Long setae on elytra of 
counterpart. Scale bars: A-C: 0.5 mm; D: 0.25 mm; E: 0.1 mm. 
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FIG. 32. Morphotype 29, VMNH 94607. A, B. Part. C. Counterpart. D. Long setae on elytra of coun- 
terpart. Scale bars: A, B: 0.5 mm; C: 1 mm; D: 0.25 mm. 
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FIG. 33. Morphotype 30, AMNH 04-70. A, B. Part. C. Counterpart. D. Long setae on elytra of coun- 
terpart. Scale bars: A-C: 0.5 mm; D: 0.25 mm. 
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FIG. 34. Morphotype 31, VMNH 49764. A, B. Habitus. C. Head with antennae and partial mouthparts; 
pronotum showing distinct pattern of setae. D. Long, dense setae on left elytron. Scale bars: A, B: 0.5 mm; 
C, D: 0.1 mm. 
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, VMNH 94723. Scale bar: 0.5 mm. 


FIG. 35. Morphotype 32 
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FIG. 36. Morphotype 33, YPM IP 035981. A, B. Habitus. C. Head with partial antenna. D. Right ely- 


tron showing forklike structure, possibly wing veins. E. Right hind leg showing distinct tibial spurs. 
Scale bars: A, B: 1 mm; C-E: 0.5 mm. 
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FIG. 37. Holcoptera solitensis. A, B. VMNH 97986. C. VMNH 96762 with partial head. Scale bars: 1 
mm. 
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FIG. 38. Holcoptera sp., AMNH 04-96. Note width of second innermost longitudinal bands compared 
to those of VMNH 97986 and 96762 (fig. 37). Specimen possibly belonging to a separate holcopteran 
species. Scale bar: 1 mm. 
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B. 
behind the eyes. Scale bars: A, B: 1 mm; C: 0.1 mm. 
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FIG. 39. Morphotype 34 
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Part. C. Counterpart. D. Right elytron of part covered 


VMNH 49742. A, B. 
in dense nodules. Scale bars: A-C: 1 mm; D: 0.5 mm. 
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FIG. 40. Morphotype 35 
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FIG. 41. Morphotype 36, AMNH 04-92. A, B. Habitus. C. Right elytron showing faint elytral striae. 
Photograph taken without ethanol and specimen tilted at an angle. Scale bars: A, B: 1 mm; C: 0.5 mm. 
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FIG. 42. Morphotype 37, VMNH 129484. Scale bar: 0.5 mm. 
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FIG. 43. Morphotype 38, VMNH 49659. Scale bar: 0.5 mm. 
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FIG. 44. Morphotype 39, VMNH 94814. Scale bar: 0.5 mm. 
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FIG. 45. Morphotype 40, AMNH 04-89. A, B. Habitus. C. Right elytron showing elytral striae. Photo- 
graph taken without ethanol and specimen tilted at an angle. Scale bars: A, B: 0.5 mm; C: 0.1 mm. 
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FIG. 46. Morphotype 41, YPM IP 036434. A, B. Part. C. Counterpart. D. Antenna of counterpart. Scale 
bars: A, B: 1 mm; C: 0.5 mm; D: 0.25 mm. 
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FIG. 47. Morphotype 42, VMNH 50226. A, B. Habitus. C. Head and partial left antenna. Scale bars: 
A, B: 1 mm; C: 0.25 mm. 
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FIG. 48. Morphotype 43, VMNH 50190. A, B. Part. C. Counterpart, head not preserved. D. Head of 
part. Scale bars: A-C: 1 mm; D: 0.5 mm. 
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VMNH 93596. Scale bar: 1 mm. 
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FIG. 49. Morphotype 44 
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FIG. 50. Morphotype 45, VMNH 91682. A, B. Part. C. Counterpart. D. Left antenna of counterpart. 
E. Right antenna of counterpart. Scale bars: A-C: 0.5 mm; D, E: 0.1 mm. 
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FIG. 51. Morphotype 46, YPM IP 388741. A, B. Habitus. C. Right elytron showing elytral striae. Pho- 
tograph taken without ethanol and specimen tilted at an angle. Scale bars: A, B: 1 mm; C: 0.5 mm. 
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FIG. 52. Morphotype 47. A, B. Habitus of VMNH 129485. C. Pronotum of VMNH 129485. D. Similar 
specimen, VMNH 97637, possibly belonging to this morphotype. Scale bars: A, B, D: 1 mm; C: 0.5 mm. 
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specimens (In.49572, In.64024) from the Lower Liassic of Dorset, England. Photographs courtesy of 
the Natural History Museum London. Scale bars: 1 mm. 
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FIG. 54. Morphotype 49, VMNH 53851. A, B. Habitus. C. Head and pronotum. D. Left elytron show- 
ing distinct elytral striae. Photograph taken without ethanol and specimen tilted at an angle. Scale 
bars: A, B: 1 mm; C, D: 0.5 mm. 
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FIG. 55. Morphotype 50, VMNH 49790. A, B. Habitus. C. Right hind leg. D. Right foreleg and middle 
leg. E. Left foreleg and middle leg. Scale bars: A, B: 1 mm; C-E: 0.25 mm. 
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FIG. 56. Morphotype 51, VMNH 51831. A, B. Part. C. Counterpart. D. Elytra of part showing striae. 
Photograph taken without ethanol and specimen tilted at an angle. Scale bars: A-C: 1 mm; D: 0.5 mm. 
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FIG. 57. Morphotype 52. A, B. VMNH 51649, part. C. VMNH 51651, counterpart. D. Elytra of part 
showing striae. Photograph taken without ethanol and specimen tilted at an angle. Scale bars: A—C: 0.5 
mm; D: 0.25 mm. 
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FIG. 58. Morphotype 53, YPM IP 016827. A, B. Habitus. C. Right elytron showing striae and irregular cells. 
Photograph taken without ethanol and specimen tilted at an angle. Scale bars: A, B: 0.5 mm; C: 0.25 mm 
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, C. Habitus of VMNH 92751. B. Left elytron showing striae and reticula- 
tions. Photograph taken without ethanol and specimen tilted at an angle. D. Isolated elytron VMNH 
97590 (morphotype 98) showing similar reticulations. Scale bars: 0.5 mm. 
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FIG. 60. Morphotype 55. A, B. YPM IP 016828, part. C. YPM IP 036446, counterpart. D. Right elytron 
of part showing rows of punctures. E. VMNH 49762. Scale bars: A-C, E: 0.5 mm; D: 0.25 mm. 


2024 


CRISCIONE-VASTANO AND GRIMALDI: BEETLES OF THE SOLITE DEPOSIT 


99 


Ratt CPA IPEPEELAEEAATERLLT S| 


pe Vb 


FIG. 61. Morphotype 56, VMNH 129481. A, B. Habitus. C. Partial head and thorax. D. Left elytron 
showing dense punctures and depressed, anterolateral ledge. Scale bars: A, B: 1 mm; C, D: 0.5 mm. 
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FIG. 62. Morphotype 57, VMNH 97968. A, B. Part. C. Counterpart. D. Antennae and expanded pre- 
ocular area (head) of counterpart. Scale bars: A-C: 1 mm; D: 0.5 mm. 
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FIG. 63. Morphotype 58, VMNH 92743. Scale bar: 1 mm. 
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FIG. 64. Morphotype 59, YPM IP 016838. A, B. Part. C. Counterpart, head not preserved. D. Left elytron of 
part showing rows of fine punctures. E. Head and pronotum of part. Scale bars: A-C: 1 mm; D, E: 0.5 mm. 
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FIG. 65. Morphotype 60, AMNH 04-59. A, B. Part. C. Left elytron of part showing rows of punctures. 
D. Head of part. E. Counterpart, head not preserved. F. Elytral apex of counterpart. Scale bars: A-E: 1 
mm; F: 0.5 mm. 
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FIG. 66. Morphotype 61, VMNH 49597. A, B. Part. Scale bar: 5 mm. 


CRISCIONE-VASTANO AND GRIMALDI: BEETLES OF THE SOLITE DEPOSIT 


FIG. 67. Morphotype 61, VMNH 49597. A. Counterpart. B. Foreleg of part. C. Head of counterpart. 
D. Foreleg of counterpart showing bilobed segment. E. Elytron covered in dense, fine nodules. Scale 
bars: A: 5 mm; B-D: 1 mm; E: 0.5 mm. 
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FIG. 68. Smooth elytral morphotypes. A, B. Morphotype 62, VMNH 97505. C, D. Morphotype 63, 
VMNH 99030. E, F. Morphotype 64, VMNH 95504. G, H. Morphotype 65, VMNH 97607. I, J. Mor- 
photype 66, VMNH 97319. K, L. Morphotype 67, VMNH 97104. Scale bars: 0.5 mm. 
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FIG. 69. Elytral morphotypes with color patterns and nodules. A, B. Morphotype 68, VMNH 54567. C, D. 
Morphotype 69, VMNH 95448. E-G. Morphotype 70, VMNH 95487. Scale bars: A-F: 0.5 mm, G: 0.1 mm. 
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FIG. 70. Nodular elytral morphotype 71, VMNH 97492. Scale bar: 1 mm. 


2024 CRISCIONE-VASTANO AND GRIMALDI: BEETLES OF THE SOLITE DEPOSIT 109 


FIG. 71. Elytral morphotypes with window punctures. A, B. Morphotype 72, VMNH 49731. C. 
Zygadenia westraliensis (E. Jurassic, Western Australia; Martin, 2010). Photo courtesy of Sarah Mar- 
tin. D, E. Morphotype 73, VMNH 94836. Photo courtesy of VMNH. Scale bars: 1 mm. 
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FIG. 72. Punctate elytral morphotypes. A-C. Morphotype 74, VMNH 97509. D-F. Morphotype 75, 
VMNH 97500. Scale bars: 1 mm. 
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AMNH 04-87. D-F. Morphotype 77, 
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Morphotype 76 


. A-C. 


Punctate elytral morphotypes 
VMNH 97571. Scale bars: A, B, D, E: 1 mm; C, F: 0.25 mm. 
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VMNH 95456. Scale bar: 1 mm. 
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74. Punctate elytral morphotype 78 
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Punctate elytral morphotype 79 
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FIG. 76. Striate elytral morphotypes. A, B. Morphotype 80, VMNH 95483. C, D. Morphotype 81, 
VMNH 95443. E, EF Morphotype 82, VMNH 96665. G, H. Morphotype 83, VMNH 96826. I, J. Mor- 
photype 84, VMNH 97581. K, L. Morphotype 85, VMNH 54201. Scale bars: 0.5 mm. 
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FIG. 77. Striate elytral morphotypes. A, B. Morphotype 86, VMNH 50186. C, D. Morphotype 87, 
VMNH 97304. E, F. Morphotype 88, VMNH 97376. G, H. Morphotype 89, VMNH 98968. I, J. Mor- 
photype 90, VMNH 129483. K, L. Morphotype 91, VMNH 97346. Scale bars: 0.5 mm. 
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FIG. 78. Striate elytral morphotypes. A, B. Morphotype 92, VMNH 95536. C, D. Morphotype 93, 
VMNH 97305. E, F. Morphotype 94, VMNH 97583. G, H. Morphotype 95, VMNH 98277. I, J. Mor- 
photype 96, VMNH 95971. K, L. Morphotype 97, VMNH 96824. Scale bars: 0.5 mm. 
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FIG. 79. Striate elytral morphotype 98, VMNH 97590. Photographs taken without ethanol. Scale bars: 


A, B: 0.5 mm; C: 0.25 mm. 


Morphotype 98 


Figure 79A-—C 


DEscRIPTION: Isolated elytron (no counter- 
part) from the Walnut Cove Formation. Small 
(2.5 mm long, 1 mm wide), striate; preserva- 
tion good, convex in relief. Asymmetrical, 
narrow, length 2.5x width, width subequal in 
basal half, tapering apically. Basal and lateral 
margins convex; corners obtuse, rounded; 
apex obscured by matrix. Lateral rim thin, 
distinct. Nine striae, raised, not parallel to lat- 
eral margins, converging apically; forming 
squarish cells separated by depressed 
crossveins. 

MarTERIAL: Single specimen, VMNH 97590. 

ComMENTs: The long veins and squared cells 
of this specimen resemble the elytra of Arch- 
ostemata. Specimen has a similar texture to ely- 
tra of Cow Branch morphotype 54 (fig. 59) and 


Walnut Cove specimen VMNH 97551 (3.2 mm 
long, 1.3 mm wide). 


DISCUSSION 
SOLITE ENTOMOFAUNA 


The Solite insect collections, consisting of 
about 9400 specimens in total, contain insects 
from both the Cow Branch and Walnut Cove 
formations. Approximately 8100 insect fossils 
have been collected from the Cow Branch For- 
mation to date, 60% of which are identifiable to 
order. Of these, Hemiptera make up the vast 
majority of specimens (78%; table 3); within 
Hemiptera, 94% of the specimens belong to 
Nepomorpha (Heteroptera), ~5% to Sternor- 
rhyncha, and ~1% are unidentified to suborder. 
Beetles are the second most abundant group, 
but they only comprise 10% of specimens from 
the Cow Branch. Often uncommon in Triassic 
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TABLE 3 


Composition of Solite Insect Fauna 
Percentages of each insect order collected from the Cow Branch and Walnut Cove formations. 


Order Cow Branch (%) 
Blattodea <l 
Coleoptera 10 
Diptera 8 
Hemiptera 78 
Orthoptera 1 
Thysanoptera 1 

Other 1 


deposits, Diptera are surprisingly abundant and 
diverse here, comprising 8% of specimens, with 
8 families, 11 genera, and 16 species (Bla- 
goderov et al., 2007). Interestingly, even though 
Diptera are more delicate than the beetles, 
appendages of the fossil flies in this deposit are 
frequently preserved. 

In contrast to the Cow Branch Formation, 
the insects of the Walnut Cove Formation are 
poorly studied and have not been systematically 
excavated. Only about 1300 insects have been 
recovered from this formation to date, 52% of 
which are identifiable to order. Of these, the 
vast majority (87%) are beetle remains, mostly 
isolated elytra. Fragments of roaches (7%) and 
orthopterans (4%) are the only other apprecia- 
ble groups preserved here. Interestingly, no 
aquatic insects (e.g., Nepomorpha) are known 
from this site. 

The insect faunas of these two formations 
differ remarkably (table 3), most notably in the 
overwhelming abundance of Hemiptera in the 
Cow Branch Formation, compared with a single 
plausible hemipteran (a sternorrhynchan, 
VMNH 97189) from the Walnut Cove Forma- 
tion. Heteroptera is totally absent in the Walnut 
Cove strata, but this might be expected given 
the restricted stratigraphic distribution of Het- 
eroptera in the Cow Branch Formation com- 


Walnut Cove (%) 


Total % 
(Walnut Cove + Cow Branch) 


7 1 
87 19 
<1 7 
1 69 
4 2 
0 1 
<l 1 


bined with the lack of stratigraphic sampling of 
the Walnut Cove. It is also important to note 
that the Cow Branch and Walnut Cove forma- 
tions are separated in time by at least a few mil- 
lion years. Therefore, some of the faunal 
differences between the two sites can probably 
be explained by changing paleoenvironmental 
conditions such as ecological succession over 
that duration. Moreover, changes in lake depth, 
and thus pressure, caused by climatic shifts 
related to orbital forcing would have played a 
role in the quality of fossil preservation at each 
site. Olsen et al. (2015) discussed the lack of 
microlaminations in the older Walnut Cove 
strata, likely caused by a higher energy environ- 
ment with sedimentary rippling in which water 
currents could reach the lake bottom. A shal- 
low, wind-mixed environment would also 
explain the high degree of disarticulation as 
well as the lack of delicate, softer-bodied insects 
like thrips, flies, and sternorrhynchans in the 
Walnut Cove material. 


SOLITE BEETLES 


Beetles are fairly abundant in the Solite deposit, 
making up 19% of identifiable insect specimens. 
Due to their two-dimensional, and often dorsal 
preservation, taxonomic assignment beyond order 


2024 


is not possible for the vast majority of the Solite 
beetles. Of the 100 morphotypes discussed herein, 
there are only a few in which tentative assign- 
ments can be made. Most beetles in suborder 
Archostemata possess distinct elytral “window 
punctures.’ Beetles that have similar rows of large, 
squarish punctures (but without the thin cuticular 
“windows”) include the unrelated and putatively 
much more recent elateriform family Lycidae, as 
well as various cucujiform families (e.g., Cryp- 
tophagidae, Cerylonidae, Colydiidae, among oth- 
ers). Though squarish punctures alone are not 
diagnostic for Archostemata, structure of the 
punctures in the Solite fossils is most consistent 
with this suborder. Two elytral morphotypes (72 
and 73; fig. 71) possess these distinct elytral punc- 
tures and can therefore be considered as arch- 
ostematans. Phoroschizidae (= Schizophoridae; 
Bouchard and Bosquet, 2020) is another taxon 
possibly identifiable in the Solite deposit, with 
morphotypes 5, 24, and 25 (figs. 7, 27, 28) poten- 
tial members based on general body proportions. 
This extinct family (Permian to Early Cretaceous) 
is the only presumed aquatic member of suborder 
Archostemata, having adaptations for living 
underwater (e.g., processes or “schiza” on the ely- 
tra that connected them to the abdomen’s outer 
edges to create an underwater “airlock”) but no 
adaptations for swimming, such as tibial and tar- 
sal fringes (Ponomarenko, 2003). Unfortunately, 
schiza are only visible on a single Solite specimen, 
elytron morphotype 75 (fig. 72D-F). 

Several other Solite morphotypes appear to be 
aquatic. Morphotypes 9, 34, and 35 (figs. 11, 39, 
40) have streamlined bodies somewhat resem- 
bling those of modern aquatic beetles (e.g., 
Dytiscidae, Gyrinidae, Haliplidae). One morpho- 
type (13; fig. 15) also has a very faint fringe of 
setae on its hind leg, which might have func- 
tioned as a swimming fringe. Additionally, sev- 
eral specimens (e.g., VMNH 97986, figs. 37, 38) 
have been placed in the extinct, aquatic beetle 
family Coptoclavidae (Holcoptera solitensis; sub- 
order Adephaga: Dytiscoidea) due to their dis- 
tinct elytral markings. One particular unit of the 
Cow Branch Formation in quarry pit C has 
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yielded a number of larval specimens (fig. 80) 
referred to form genus Mormolucoides (Huber et 
al., 2003; Fraser et al., 2017). The poor preserva- 
tion in all deposits where Mormolucoides is pre- 
served prevents a definitive classification, but 
Huber et al. (2003) suggested that the retracted 
head, large mandibles, and U-shaped frontal 
suture preserved in Early Jurassic specimens sug- 
gest a coleopteran affinity. Moreover, the units of 
the Cow Branch Formation (as well as those of 
other Newark Basin deposits) that preserve 
abundant Mormolucoides are the same units 
from which isolated Holcoptera elytra are known. 
This has led Huber et al. (2003) to speculate that 
Mormolucoides might be the juvenile form of 
Holcoptera. While the Solite “Mormolucoides” 
has an apparent head capsule, it unfortunately 
possesses few to no morphological details (e.g., 
mouthpart, antennal, and leg structure, or 
urogomphi, etc.) that can confirm placement 
within Coleoptera. 

The lack of obvious aquatic traits (e.g., fusi- 
form bodies, paddle-shaped legs, setal fringes) as 
well as the abundance of structures inconsistent 
with an aquatic lifestyle (e.g., elytral punctation, 
nodules, setation) in the remaining Solite mor- 
photypes indicate that many of these beetles 
were terrestrial or littoral, living on or near veg- 
etation surrounding the ancient lake, like the 
Orthoptera, Sternorrhyncha, and Thysanoptera 
known from this deposit. A few morphotypes 
even show morphologic similarities to estab- 
lished terrestrial taxa. One Solite beetle with a 
possible terrestrial lifestyle is Leehermania pro- 
rova (Chatzimanolis et al., 2012), which was 
assigned to the family Staphylinidae (suborder 
Polyphaga) due to its truncated elytra (fig. 19). 
However, this assignment was later challenged by 
Fikacek et al. (2020), with a proposed hydro- 
scaphid affinity (suborder Myxophaga) for the 
genus. Today, members of Hydroscaphidae are 
aquatic, bringing Leehermania’s habitat back into 
question. Moreover, a myxophagan species with 
excellent, three-dimensional preservation was 
described from a Triassic coprolite, putatively 
belonging to a dinosauriform (Qvarnstrém et al., 
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FIG. 80. Possible beetle larvae, “Mormolucoides” A. VMNH 95392. B. VMNH 96758. Scale bars: 1 mm. 


2021). The various states of disarticulation of 
these beetles indicate that they were not con- 
sumed intentionally, but rather ingested along 
with algae. A second Solite beetle, morphotype 
17 (fig. 20), shares a similar habitus and may 
share an affinity with Leehermania. 

There are also two Solite specimens that, at 
least superficially, resemble weevils (superfamily 
Curculionoidea). Morphotype 57 (fig. 62) shares 
a similar habitus to the family Obrieniidae 
(Zherikhin and Gratshev, 1993), a controversial 
family originally assigned to Curculionoidea, but 
more recently suggested to belong to Arch- 
ostemata (Gratshev and Zherikhin, 2003). This 


group is known from the Middle to Late Triassic 
Madygen Formation and the Late Jurassic 
Karatau Formation. This Solite morphotype most 
resembles the Jurassic species Kararhynchus 
occiduus (Zherikhin and Gratshev, 1993; Legalov, 
2012) because of its short, broad rostrum. How- 
ever, the Solite specimen’s larger size and filiform 
antennae lacking an apical club differ from pub- 
lished obrieniids. A second Solite specimen, 
morphotype 58 (fig. 63) shares several traits 
similar to, though not taxonomically diagnostic 
of, modern weevils: an expanded preocular area, 
convex elytra with rows of punctures, and swol- 
len femora. However, due to a lack of preserved 
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diagnostic features, this specimen cannot be con- 
firmed as an early weevil despite the striking out- 
ward resemblance. 

On a much broader scale, an interesting pat- 
tern was observed in the elytral shape of the 
Solite beetles. In the elytra of almost all modern 
beetles, the sutural margins are straight where 
the two elytra meet medially (as in, e.g., morpho- 
type 35, fig. 40). Interestingly, 33 of the Solite 
beetle morphotypes have elytra in which both 
margins are convex such that distinguishing 
which is the sutural margin can be difficult (e.g., 
morphotypes 5, 47, and 54; figs. 7, 52, 59). More- 
over, the proportion of elytra with convex versus 
straight margins differs significantly between the 
two formations of the Solite deposit. In the 
younger Cow Branch Formation (which contains 
mostly articulated morphotypes), 71% of mor- 
photypes with visible elytral margins are straight, 
while 29% are convex. The opposite is true for 
the slightly older Walnut Cove Formation (which 
contains only isolated elytral morphotypes): 31% 
of morphotypes with visible margins are straight, 
whereas 69% are convex. While convex elytral 
margins could potentially be a taphonomic phe- 
nomenon caused by compression during the fos- 
silization process, many of the Walnut Cove 
morphotypes are preserved in relief, indicating 
that they underwent little to no distortion (e.g., 
morphotype 64, fig. 68E, F). Moreover, this trait 
is exhibited by other Mesozoic beetles (e.g., spe- 
cies in Dunstan, 1923; Ponomarenko, 1969; 
Whalley, 1985; Arnoldi et al., 1991), suggesting 
that perhaps straight sutural margins did not 
become ubiquitous until later in the evolutionary 
history of Coleoptera. 


MODERN FAUNAL COMPARISONS 


Notably, the distribution of body sizes in the 
Solite beetle fauna closely matches that of mod- 
ern beetle communities. The articulated Solite 
beetles range from 1.6 mm to 12.7 mm in total 
length (fig. 81), with a single outlier of >33 mm. 
Of the 58 articulated Solite morphotypes in 
which length is measurable, 30 (52%) fall in the 


range of 2 to 4 mm. Interestingly, this size range 
is also known to be the most common in some 
modern beetle faunas. An examination of body 
length in the Coleoptera of Britain found that 
this same range of 2-4 mm was the most preva- 
lent size class (May, 1978). A second study of 
beetles in a Bornean rainforest found that a simi- 
lar range, between 2 and 3 mm in length, was the 
most common in their samples (Morse et al., 
1998). Perhaps this similarity in body-size distri- 
butions between the Triassic and modern bee- 
tles, separated in time by ~220 million years, 
reflects the initial stages of modernization of 
Order Coleoptera. 

A second remarkable finding is that very few 
of the Solite beetle specimens appear to be con- 
specific (if so, it was noted in the morphotype 
accounts). While some of the articulated mor- 
photypes (14%) have a few (2-4) probable mem- 
bers, the majority (83%) are represented by a 
single specimen, and only two “morphotypes” 
(Leehermania, 51 specimens; Holcoptera, 26 
specimens) are somewhat abundant. Comparing 
isolated elytron specimens to each other is more 
difficult because of their generally poorer preser- 
vation and fewer diagnostic characters, but the 
same species abundance distribution pattern 
seems to hold here as well. Only a small number 
of elytral morphotypes (16%) seem to have more 
than one possible member; the majority of mor- 
photypes (84%) are based on one specimen, and 
only a single morphotype (82; fig. 76E, F) is 
somewhat common with 10 possible members of 
similar size and proportions. 

This pattern somewhat follows the species 
abundance distribution of modern animal com- 
munities, in which a community is comprised of 
many rare species and only a few common spe- 
cies. For example, in the study of Bornean rain- 
forest beetles, 58% of the total 859 species were 
represented by one individual each (Morse et al., 
1988). In another study of rainforest beetles in 
northern Australia, 40% of species were repre- 
sented by a single specimen (Monteith and 
Davies, 1984), and in a third study examining 
the arboreal insect community of an Australian 
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FIG. 81. Histogram of beetle body lengths for articulated morphotypes in which total length was mea- 
surable. The very large morphotype measuring >33 mm (morphotype 61) is omitted. 


rainforest tree collected over a two-year period, 
only a single individual was collected for 34.4% 
of beetle species (Basset and Kitching, 1991). 
While high, these percentages are still quite a bit 
lower than the 81% of Solite beetle morphotypes 
(elytral + articulated) known from a single speci- 
men. Perhaps contributing to a widespread lack 
of conspecifics in the Solite material is the spo- 
radic nature of the fossilization process, as well 
as the poor preservation of many specimens. 
Within the Cow Branch material alone, 40% of 
specimens were not identifiable to order, and 
many of the identifiable specimens were too 
poorly preserved for recognition beyond order. 
Better preservation of more specimens would 
likely lead to the recognition of at least a few 
additional conspecifics, but the prevalence of 
rare taxa is unmistakable. 

Two taxa, Holcoptera and Leehermania, are 
somewhat abundant in the Solite deposit, likely 
owing to their aquatic and possibly littoral habi- 
tats. Together, they comprise 7% (77/1080) of the 
Solite beetles, but they by no means dominate 
the fauna. In all modern ecosystems, a few very 
common species comprise a high percentage of 
the individual organisms in a fauna (McGill et 
al., 2007), so why is this ubiquitous pattern not 
apparent at Solite? Where are the very common 
beetle species? Perhaps this apparent lack of 


common beetles is due to a taphonomic bias, one 
possibility being size sorting. If the most com- 
mon Solite beetles were exceptionally small, per- 
haps they were either not preserved, or their 
fossils were overlooked during collecting. This 
seems unlikely however, as very small beetles 
and other insects (thrips, hemipterans, etc.) are 
fairly abundant in the Solite collections. Alterna- 
tively, perhaps the common beetle species were 
quite large. Large insects are poorly represented 
in the Solite collections with only four of the 
articulated beetles reaching body lengths greater 
than 10 mm. This notion, however, is contra- 
dicted by the dominance of small body size (2-4 
mm) in modern beetle communities discussed 
above, a phenomenon that is apparently mir- 
rored by the Solite fauna. Given this, the domi- 
nance of large beetle species would not be 
expected at Solite. A third possibility is that the 
common beetle species living around ancient 
lake Solite had lifestyles or morphological traits 
that prevented their preservation in the ancient 
lake. If the dominant beetles were, for example, 
wood-boring, burrowing, or living in dung, they 
would be far less likely to become trapped in the 
ancient lake, making the few (if any) individuals 
that did fossilize appear to be rare. Or, perhaps 
some aspect of their morphology affected their 
postmortem buoyancy, thereby precluding pres- 
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ervation. For example, beetles with profuse pilos- 
ity would likely be more buoyant, preventing 
them from sinking to the lakebed. 

Together, these two notable observations of 
the Solite beetle fauna provide a puzzling picture 
of its paleoentomofauna. The body-size distribu- 
tion, which so closely matches that of modern 
beetle communities, reflects a lack of tapho- 
nomic size sorting in the Solite material. This 
suggests that the Solite deposit preserves a truly 
autochthonous paleofauna. Conversely, however, 
the exceptional proportion of unique morpho- 
types indicates the presence of some other tapho- 
nomic bias that prevented the preservation of the 
most common beetle species. These two factors 
together demonstrate the uniqueness of the 
Solite fauna and its importance in understanding 
coleopteran diversity during the Late Triassic. 


EARLY MESOZOIC FAUNAL COMPARISONS 


Beetles have been reported from over 50 Tri- 
assic localities worldwide, spanning every conti- 
nent (table 4). The Anisian (early Middle 
Triassic) Voltzia Sandstone of France is the earli- 
est Triassic deposit preserving diverse Coleop- 
tera; though isolated elytra only make up 11% of 
the insect specimens there, beetles are the most 
diverse group (Papier et al., 2005). Insect-bearing 
deposits increase in abundance during the Car- 
nian (early Late Triassic), with three of the most 
prolific formed during this stage. In the Molteno 
Formation of South Africa, beetles comprise 
roughly 22% of insect specimens, second only to 
roaches. However, the beetles are the most 
diverse insect order at this site, with roughly half 
the species reported to belong to Coleoptera 
(Cairncross et al., 1995). In the Los Rastros For- 
mation of Argentina, beetle elytra, hemipteran 
forewings, and blattodean tegmina—all sclero- 
tized structures—are the most common fossils 
present, though the authors do not provide 
numerical data on the abundance of each group 
(Mancuso et al., 2007). The Madygen Formation 
(Ladinian-Carnian) of Kyrgyzstan is the richest 
Triassic insect locality in the world and its fauna 
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is dominated by beetles (mostly isolated elytra), 
which make up roughly 23% of the 15,000 indi- 
vidual insects collected. Beetles are an even 
larger component of the Norian (middle Late 
Triassic) Denmark Hill insect bed (Blackstone 
Formation) of Queensland, Australia, where they 
comprise roughly 50% of collected specimens 
(Tillyard and Dunstan, 1924: table C); the major- 
ity of the remaining insects belong to “Homop- 
tera” (e.g., Auchenorrhyncha), Blattodea, and 
Heteroptera (Tillyard and Dunstan, 1924). 

Also Norian in age (Olsen et al., 2015), the 
Solite deposit is dominated by Heteroptera 
(predominantly Nepomorpha) and Coleoptera 
(table 3). Roaches are notably scarce (1%) here, 
in stark contrast to their proportion at the other 
major Triassic sites (e.g., Madygen Formation 
[>25%], Molteno Formation [46%], Denmark 
Hill insect bed [13%]). Beetles are the second 
most abundant group, comprising roughly 19% 
of identifiable insect specimens, a similar per- 
centage to those of the Molteno (22%) and the 
Madygen (23%) formations. From Solite, 100 
morphotypes have been sorted from the roughly 
1000 beetle specimens recovered (table 5). This 
is a higher diversity of beetles than reported for 
the Voltzia Sandstone from which 32 morphot- 
ypes were recorded from 584 specimens. This is 
only about one-third the number of morphot- 
ypes from half the number of individuals as 
compared to Solite, but this lower diversity 
might be expected given the older age of the 
Voltzia Sandstone. A much higher level of bee- 
tle diversity than that of both Solite and the 
Voltzia Sandstone has been reported from the 
Molteno Formation, with 161 morphotypes 
sorted from only 453 beetle specimens. This is 
roughly 1.5x the diversity of Solite reported 
from fewer than half the number of specimens. 
However, given the fragmentary preservation of 
the Molteno insects (Anderson et al., 1998), this 
number of morphotypes is likely an overesti- 
mate. Conversely, only about 73 species have 
been described from the roughly 3500 beetle 
specimens of the Madygen Formation (Pono- 
marenko, 1969; Arnoldi et al., 1991; Ponoma- 
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Age 


Late Permian/ 
Early Triassic 


Late Permian/ 
Early Triassic 


Late Permian/ 
Early Triassic 


Early Triassic 
Olenekian 


Olenekian/ 
Anisian 


Olenekian/ 
Ladinian 


Anisian 
Anisian 
Anisian 
Ladinian 
Ladinian 


Ladinian 


Ladinian 


Ladinian 


Ladinian/ 
Carnian 


Ladinian/ 
Carnian 


Carnian 
Carnian 
Carnian 
Carnian 


Carnian 


Carnian 
Carnian 


Carnian 
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List of Triassic deposits from which beetle fossils are known. 


Location 


Siberia, Russia 


Madhya Pradesh, India 


Yug River and Vologda 
Regions, Russia 


Queensland, Australia 
Yaroslavl Region, Russia 


Nenets National District, 
Russia 


Germany 


France 

The Netherlands 

New South Wales, Australia 
Spain 

San Juan Province, Argentina 


Switzerland 


France 


Shaanxi Province, China 


La Rioja Province, Argentina 


Germany, Liechtenstein, 
Spain, Switzerland 


Mendoza Province, Argentina 
Xinjiang, China 

Mendoza Province, Argentina 
Kazakhstan 

Poland 


La Rioja Province, Argentina 
Austria 


Kyrgyzstan 


Deposit/Formation 


Maltsevo Fm. 


Parsora Fm. 


Vokhmian Fm. 


Arcadia Fm. 
Rybinsk Fm. 
Nyadeita Fm. 


Rot Fm. 
(Buntsandstein) 


Gres a Voltzia 
Vossenveld Fm. 
Ashfield Shales Fm. 
“Pedra d'Alcover” 
Casa de Piedra Fm. 


Meride Limestone 


Muschelkalk 


Yanchang Fm. = 
Tongchuan Fm. 


Ischichuca Fm. 


Keuper 


Cacheuta Fm. 
Huangshanjie Fm. 
Ischigualasto Fm. 
Koldzat Fm. 


Krasiejow strata 


Los Rastros Fm. 
Lunz Fm. 


Madygen Fm. 


References 


Ponomarenko and Volkov, 2013; Volkov, 
2013 


Ghosh et al., 2007 


Lozovsky et al., 2016; Ponomarenko, 2004, 
2016b 


Northwood, 2005 
Ponomarenko, 2004, 2016b 


Ponomarenko, 2008 


Bashkuev et al., 2012; Brauckmann and 
Schluter, 1993; Ponomarenko et al., 2015; 
Ponomarenko and Bashkuev, 2018 


Papier et al., 2005 

van Eldijk et al., 2017 
Tillyard, 1918 

Via and Calzada, 1987 
Hauschke, 1991 


Krzeminski and Lombardo, 2001; Strada et 
al., 2014 


Fliche, 1901 


Hong, 1980, 1984; Liu et al., 1985; Zheng et 
al., 2018 


Martins-Neto and Gallego, 2009 


Fedorenko, 2014; Geyer and Kelber, 1987; 
Heer, 1853, 1877; Pefialver et al., 1999; 
Ponomarenko et al., 2015; Prokin et al., 
2013; Zeuner, 1930 


Martins-Neto et al., 2006 
Lin, 1992 

Frenguelli, 1948 
Ponomarenko, 1969 


Dzik and Sulej, 2007; Qvarnstrém et al., 
2021 


Gallego, 1997; Martins-Neto et al., 2006 
Meller et al., 2011 


Arnoldi et al., 1991; Ponomarenko, 1967, 
1969; Yan et al., 2017a, 2017b; Zherikhin 
and Gratshev, 1993 


2024 


TABLE 4 continued 
Age 


Carnian 


Carnian 


Carnian 


Carnian 


Carnian 
Carnian 
Norian 
Norian 


Norian 


Norian 


Norian 


Norian 


Norian 


Norian 


Norian 


Rhaetian 


Rhaetian 
Rhaetian 
Rhaetian 
Rhaetian 
Rhaetian 


Rhaetian 


Rhaetian 


Rhaetian 

Late Triassic 
Late Triassic 
Late Triassic 


Late Triassic 


Location 


South Africa 


Japan 


Virginia/Maryland 


Mendoza Province, Argentina 


Southern-central Chile 
South Region, Brazil 
Primorye District, Russia 
Germany 


Queensland, Australia 


Virginia 


Virginia and North Carolina 


North Carolina 


Ukraine 


East Kazakhstan 


Hunan Province, China 


Italy 


Turkey 

England 

Sweden 
Sukhomesovo, Russia 


England 


Hunan Province, China 


Germany 


Auckland, New Zealand 
Angola 

Xinjiang, China 

Anhui, Eastern China 


Hebei Province, 
Eastern China 
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Deposit/Formation 


Molteno Fm. 


Momonoki Fm. 


Newark Supergroup, 
Taylorsville Basin: 
Doswell Fm. 


Potrerillos Fm. 


Santa Juana Fm. 
Santa Maria Fm. 
Amba Fm. 
Arnstadt Fm. 


Blackstone and Mount 
Crosby Fms., Ipswich 
Coal Measures 


Newark Supergroup, 
Culpeper Basin 


Newark Supergroup, 
Dan River Basin: Cow 
Branch Fm. 


Newark Supergroup, 
Durham Subbasin 


Protopivka Fm. 
Tologoi Fm. 


Zijiachong Fm. 


Argilliti di Riva di Solto 
Fm. 


Cakrazboz Fm. 
Cotham Fm. 
Hoganas Fm. 
Korkino Fm. 
Lilstock Fm. 


Sangiutang Fm. 


Unknown 


Unknown 


Camadas com peixes Fm. 


Haojiagou section 
Lalijian Fm. 


Laohugou Fm. 


References 


Anderson et al., 1998; Riek, 1974, 1976; 
Zeuner, 1960 


Fujiyama, 1973; Maeda and Oyama, 2019 
Cornet and Olsen, 1990 


Lara et al., 2012; Martins-Neto et al., 2007, 
2008 


Gallego et al., 2005 

Pinto and Ornellas, 1974 
Zherikhin and Gratshev, 1993 
Zeuner, 1930 


Dunstan, 1923; Riek, 1970; Tillyard and 
Dunstan, 1916 


Gore, 1988 


Chatzimanolis et al., 2012; Fraser et al., 
1996; Fraser and Grimaldi, 2003; Huber et 
al., 2003; Thomson et al., 2017 


Olsen and Huber, 1997 


Arnoldi et al., 1991 


Arnoldi et al., 1991; Ponomarenko, 1969, 
1993; Zherikhin and Gratshev, 1993 


Lin, 1986 
Whalley, 1986 


Laurentiaux, 1946 

Giebel, 1856; Handlirsch, 1906-1908 
Heer, 1878 

Martynov, 1935 


Brodie, 1845; Cockerell, 1915; Giebel, 1856; 
Thomson et al., 2017 


Lin, 1983, 1986 


Handlirsch, 1906-1908; Roemer, 1876; 
Zeuner, 1930 


Grant-Mackie, 1958 

Teixeira, 1975 

Zhang et al., 2022 

Huang, 1984; Zhang et al., 2022 
Huang et al., 2019 
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TABLE 4 continued 


Age Location 


Mendoza Province, 
Argentina 


Late Triassic 


Late Triassic Guangdong, China 


Late Triassic Xinjiang, China 
Late Triassic Victoria Land, Antarctica 


Late Triassic/ 
Early Jurassic 


England 


renko, 1995; 2002), though this too is likely 
misleading. Shcherbakov (2008) noted that 
much of the Madygen material remains unstud- 
ied and that the 73 described species are only a 
fraction of the diversity preserved there. 


FAUNAL TURNOVER AND PALEOBIOGEOGRAPHY 


It is important to note both the rapidity with 
which beetles diversified during the Triassic to 
become dominant members of the entomofauna, 
as well as the magnitude of the turnover in taxa 
between the Permian and the Late Triassic. Dur- 
ing the late Permian, the diversity of Coleoptera 
remained low; the order was represented by only 
a few early stem groups (Permocupedidae, Rhom- 
bocolediae, and Asiocoleidae), as well as the earli- 
est members of suborder Archostemata. During 
this period, beetles were uncommon in insect 
assemblages (1%-3%; Ponomarenko, 2002). 

The End Permian Mass Extinction (EPME) 
event marked a dramatic faunal turnover in the 
Coleoptera, with the majority of Permian taxa 
becoming extinct near the boundary. Not only did 
beetles subsequently diversify and become a major 
component of the fauna, but the composition of 
taxa changed dramatically into the Triassic, 
becoming dominated by new groups including 
Cupedidae and Phoroschizidae (suborder Arch- 
ostemata; Zhao et al., 2021). By the time the Cow 
Branch and Walnut Cove formations were depos- 
ited, only ~30 million years after the EPME (a 
relatively short period of geologic time), the com- 
position of the entire beetle fauna had changed 


Deposit/Formation 


Llantenes Fm. 


Xiaoping Fm. 
Xiaoquangou Group 
Section Peak Fm. 


Lias Group 


NO. 467 


References 


Brauckmann et al., 2010 


Lin and Mou, 1989 
Guan et al., 1998; Zhang et al., 2022 
Bomfleur et al., 2011 


Brodie, 1845; Cockerell, 1915; Crowson, 
1962; Gardiner, 1961; Giebel, 1856; Han- 
dlirsch, 1906-1908; Thomson et al., 2017 


from the primitive “protobeetles” of the Permian 
to early members of the extant suborders (and 
possibly even some extant families). 

To put 30 million years after the EPME into 
perspective, consider the evolutionary history of 
Cenozoic beetles. For example, beetles are abun- 
dant in Baltic amber, which is estimated to be 
roughly 44 million years old (Ritzkowski, 1997). 
In the span of time between the formation of 
Baltic amber and today (~14 million years longer 
than the duration between the EPME and the 
deposition of the Solite deposit), beetles have 
changed remarkably little: of the 287 known bee- 
tle genera preserved in Baltic amber, almost half 
(48%) are extant, and only a single beetle family 
(of 90 total) is extinct (Alekseev, 2013). An even 
more striking example is the archostematan bee- 
tle, Micromalthus debilis. M. debilis is an extant 
species that is also known from 15 to 20 million- 
year-old Dominican amber (Hérnschemeyer et 
al., 2010), demonstrating that a single insect spe- 
cies can morphologically persist at least 15 mil- 
lion years. Using these Cenozoic intervals as a 
metric for beetle evolution, the faunal turnover 
in the ~30 million years following the EPME saw 
profound and rapid radiation, not only in the 
dominant genera or families, but also in the 
dominant suborders of beetles. 

Not only did the coleopteran fauna change 
dramatically from the Permian into the Triassic, 
but the composition of beetle taxa also differs 
among Triassic deposits of similar age. Even at 
the higher taxonomic levels, the Norian Solite 
assemblage (ca. 220 Ma; Olsen et al., 2015; Kent 
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TABLE 5 


Abundance of Beetles in the Major Triassic Deposits 
Comparison of the numbers of insect specimens, beetle specimens, and beetle morphotypes 
known from the major Triassic insect deposits. 


2024 
Insect 
Age Location Deposit Specimens 
(no.) 
Anisian France Voltzia Sandstone 5300 
Cine eee Molteno Fm. 2056 
Africa 
Ladinian- 
Cusine Kyrgyzstan Madygen Fm. 15,000 
Norian Australia Denmaue a ee 
insect bed Reported 
Solite Deposit: 
Virginia ~~ Cow Branch Fm. 4885 
Norian and North 
Carolina Walnut Cove Fm. 667 
Total 5552 


et al., 2017) differs significantly from those of 
other deposits. This is perhaps most apparent 
in the proportion of Archostemata, a suborder 
that is present at Solite, but in a much smaller 
proportion than elsewhere. For example, 
archostematans comprise about 90% of beetles 
from the Madygen Formation (Ladinian-Car- 
nian; Shcherbakov, 2008), they are reported 
to make up the majority of Triassic beetles 
from China (Middle-Late Triassic; Zhang et 
al., 2022), and are also the dominant beetle 
taxon present in the Los Rastros Formation of 
Argentina (Carnian; Mancuso et al., 2007). In 
contrast, very few Solite morphotypes can con- 
fidently be placed in this suborder. Note, how- 
ever, that many authors assign isolated elytron 
specimens to Archostemata, possibly contribut- 
ing to the high proportion of this suborder in 
other Triassic deposits. 

Shared taxa between the Solite deposit and 
other Triassic deposits are also quite rare. A thor- 
ough analysis of the Solite beetle fauna has pro- 
duced only a few examples of morphotypes also 
known from other Triassic sites, but some strik- 


Beetle Beetles Beetle 
Specimens Morphotypes/ Reference 
(%) ; 
(no.) Species (no.) 
584 11 32 Papier et al., 2005 
Cairncross et al., 
4 22 161 
os 1995 
3500 23 73+ Shcherbakov, 2008 
Not 50 58 Tillyard and Dun- 
Reported stan, 1924 
501 10 71 
this study 
580 87 29 
1083 19 100 


ing similarities exist in Jurassic Eurasian depos- 
its, specifically from the Early Jurassic Lias 
Group of the United Kingdom. In addition to 
Coleoptera, this has also been noted in Orthop- 
tera (Elcanidae), Mecopterida (Pseudopoly- 
centropodidae), and Amphiesmenoptera 
(Necrotauliidae), a pattern that can be explained 
by the continental configuration of the Mesozoic 
(Pierwola and Grimaldi, 2022). 

While a few Solite beetles show some degree of 
morphological similarity to specimens from other 
Triassic localities (as discussed in the description of 
each morphotype), only a single definitive shared 
taxon is known. This morphotype was formerly 
assigned to the genus Holcoptera, a member of the 
extinct, aquatic beetle family Coptoclavidae, which 
is known from a few Rhaetian (latest Late Triassic) 
sites in England. The Solite specimens were 
described as Holcoptera solitensis (figs. 37, 38) based 
on two isolated elytra (Thomson et al., 2017); since 
the species’ original description, a few, less frag- 
mentary specimens have been identified. A total of 
26 holcopteran specimens are currently known 
from the Solite material, seven of which consist of 
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Age 


Late Triassic/ 
Early Jurassic 


Early Jurassic 


Early Jurassic 


Early Jurassic 
Early Jurassic 
Early Jurassic 
Early Jurassic 


Early Jurassic 


Early Jurassic 


Early Jurassic 


Early Jurassic 
Early Jurassic 


Early Jurassic 
Hettangian- 
Sinemurian 
Toarcian 
Toarcian 


Early/Middle Jurassic 


Middle Jurassic 
Middle Jurassic 


Middle Jurassic 
Middle Jurassic 


Middle Jurassic 


Middle Jurassic 
Middle Jurassic 


BULLETIN AMERICAN MUSEUM OF NATURAL HISTORY 


TABLE 6 


Beetles of the Jurassic Period 
List of selected Jurassic deposits from which beetle fossils are known. 


Location 


Dorset, England 


Liaoning and Hebei, China 
Hubei, China 


Xinjiang, China 
Connecticut 
Massachusetts 
New Jersey 


Andhra Pradesh, India 


Batken Region, Kyrgyzstan 


Tong Region, Kyrgyzstan 


Osh Region, Kyrgyzstan 
Victoria Land, Antarctica 


Western Australia 
Poland 

North Germany 
Germany 

Osh Region, Kyrgyzstan 
Oxfordshire, England 


Inner Mongolia and Hebei, 
China 


Guangxi, China 


Hebei, China 


Jiangxi, China 


Xinjiang, China 


Transbaikal, Russia 


Deposit/Formation 


Lower Lias 


Beipiao Fm. 


Wuchang Fm. 


Badaowan Fm. 
Portland Fm. 
Mount Toby Fm. 
Towaco Fm. 


Kota Fm. 


Sulyukta Fm. 


Dzhil Fm. (Issyk-Kul Site) 


Kyzyl-Kiya Locality 
Shafer Peak Fm. 


Cattamarra Coal Measures 
(Mintaja Insect Locality) 
Zagaje Fm. 

“Green Series” 

Posidonia Shale 


Sai-Sagul Locality 


Taunton Limestone Fm. 


Jiulongshan Fm. 


Shiti Fm. 
Xiahuayuan Fm. 


Dameigou Fm. 


Xishanyao Fm. 


Ichetui Fm. 


NO. 467 


Selected References 


Brodie, 1845; Ponomarenko, 2006; 
Whalley, 1985; Zeuner, 1962 


Chang, 1996; Hong, 1998 


Tan and Ren, 2009 (and references 
therein) 


Zhang, 1997 

Huber et al., 2003 
Huber et al., 2003 
Huber et al., 2003 


Rao and Shah, 1959 (and references 
therein) 


Arnoldi et al., 1991 (and references 
therein); Ponomarenko, 1969 


Arnoldi et al., 1991 (and references 
therein); Ponomarenko, 1969 


Ponomarenko, 1969 
Bomfleur et al., 2011 
Martin, 2010; Riek, 1968 


Wegierek and Zherikhin, 1997 


Ansorge, 1996, 2003; Handlirsch, 1906- 
1908 


Ansorge, 2003; Bode, 1953; Brachert, 
1987; Ponomarenko, 1992 


Sukacheva and Rasnitsyn, 2004 


Ponomarenko, 2006; Westwood, 1854 


Bai et al., 2012; Cai et al., 2012; Chang 
et al., 2009; Hong, 1998; Hsiao et al., 
2017; Liu et al., 2017; Pan et al., 2011; 
Tan and Ren, 2009 


Li et al., 2021 


Tan and Ren, 2009 (and references 
therein) 


Tan and Ren, 2009 (and references 
therein) 


Zhang, 1997 


Arnoldi et al., 1991 (and references 
therein) 
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TABLE 6 continued 


Age Location 


Middle Jurassic Irkutsk, Russia 


¢ Middle Jurassic 


Western Antarctica 


Callovian 


Middle/Late Jurassic 


Wyoming and Montana 


Inner Mongolia, China 


Middle/Late Jurassic | Karatau, Kazakhstan 


Middle/Late Jurassic §‘Transbaikal, Russia 


Middle/Late Jurassic 


Santa Cruz Province, 
Argentina 


Middle/Late Jurassic | Western Mongolia 


Deposit/Formation 


Cheremkhovo Fm. 


Mount Flora Shales 


Sundance Fm. 


Daohugou Fm. 


Karabastau Fm. 


Uda Fm. 


La Matilde Fm. 


Togo-Khuduk Sequence 


Selected References 


Arnoldi et al., 1991 (and references 
therein) 


Carpenter, 1969; Tasch, 1973; Zeuner, 
1959 


Santiago-Blay et al., 2001 


Wang and Zhang, 2011; Wang et al., 
2010; Yan and Wang, 2010; Yan et al., 
2014 


Arnoldi et al., 1991 (and references 
therein); Legalov, 2010, 2012; Ponoma- 
renko, 1969; Rodendorf, 1968 


Arnoldi et al., 1991 (and references 
therein) 


Lara et al., 2012; Martins-Neto and 
Gallego, 1999 


Ponomarenko, 1994, 1997 


(Bakhar Locality) 


Late Jurassic Southwestern Mongolia 


Late Jurassic Jilin, China 


Late Jurassic Gansu, China 


Late Jurassic Bavaria, Germany 


Late Jurassic 


Central Mongolia 


Kimmeridgian- New South Wales, Austra- 
Tithonian lia 


more than a single elytron. A few possess both ely- 
tra and some underlying abdominal structures, and 
one specimen (VMNH 96762; fig. 37C) includes 
the head, though it is not attached to the body. 
Despite the addition of these less fragmentary spec- 
imens, the Solite holcopterans do not possess any 
preserved diagnostic features (e.g., dorsal and ven- 
tral eyes, coxae, sternites) to support their taxo- 
nomic assignment to this genus. 

While only one shared beetle taxon of Triassic 
age has been identified, a few other shared taxa 
are known from Jurassic localities (table 6). In 
addition to Holcoptera, which survived the Trias- 
sic-Jurassic boundary and has also been found in 
Early Jurassic strata of the eastern United States 


Shar Teg Sequence 


Baojiatun Fm. 


Chijingiao Fm. 


Solnhofen Limestone 


Ulan-Ereg Fm. 
Talbragar Fish Bed 


Ponomarenko et al., 2014 

Tan and Ren, 2009 (and references 
therein) 

Tan and Ren, 2009 (and references 
therein) 

Barthel et al., 1990; Carpenter, 1932; 
Ponomarenko, 1985 


Ponomarenko, 1997 


Ashman et al., 2015; Beattie and Avery, 
2012; Cai et al., 2013; Oberprieler et al., 
2016 


(Connecticut and Massachusetts; Huber et al., 
2003) and England (several sites; Thomson et al., 
2017), one additional articulated Solite morpho- 
type shows a clear similarity to Liassic specimens 
of Eurasia. Solite morphotype 48 (fig. 53A-C) 
shares a striking resemblance in habitus, size, 
and elytral ornamentation to the Lower Liassic 
“Carabidae (?)” and “Dryopoidea (?)” specimens 
of Dorset, England (Whalley, 1985; fig. 53D, E). 
There are also two elytral morphotypes that show 
striking similarities to published Jurassic speci- 
mens. Morphotype 78 (fig. 74) from the Walnut 
Cove Formation shares a remarkable similarity 
to phoroschizid elytral specimens from the 
Upper Jurassic Shar Teg Lagerstatte of Mongolia 
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(Ponomarenko et al., 2014: figs. 29/3, 29/4). 
Solite Morphotype 72 (fig. 71A, B), also from the 
Walnut Cove Formation, is remarkably similar to 
a Jurassic specimen of Zygadenia westraliensis 
from Western Australia (Martin, 2010: fig. 2b; 
fig. 71C herein). 

Aside from these few examples, the beetles 
of the Solite deposit are generally distinctive. 
The unusual method of preservation of the 
Solite material may play a role in the apparent 
uniqueness of the fauna; ventral morphology 
is rarely preserved, and the two-dimensional 
preservation of the specimens precludes the 
use of phylogenetic methods for taxonomic 
placement as in Fikacek et al. (2020). However, 
future studies using new techniques (e.g., SEM 
backscatter; Muscente and Xiao, 2015) are 
likely to be illuminating. Even despite the cur- 
rent lack of diagnostic features in the studied 
morphotypes, the Solite Lagerstatte preserves 
a remarkable diversity of beetles, providing a 
crucial view into the evolutionary history of 
Coleoptera at the dawn of their radiation. 


ACKNOWLEDGMENTS 


We thank Lucy Treado, Adam Pritchard, and 
the staff of the Virginia Museum of Natural His- 
tory for providing specimen photos and hosting a 
visit by J.C.V. We thank Rich Howard of the Natu- 
ral History Museum London and Susan Butts of 
the Yale Peabody Museum of Natural History for 
providing specimen photos. We also thank Paul E. 
Olsen for productive discussion of the paleoenvi- 
ronment of the Solite deposit and are grateful to 
C. Cai and an anonymous reviewer for their 
thoughtful commentary on this manuscript. 


REFERENCES 


Alekseev, V.I. 2013. The beetles (Insecta: Coleoptera) of 
Baltic amber: the checklist of described species and 
preliminary analysis of biodiversity. Zoology and 
Ecology 23 (1): 5-12. 

Anderson, J.M., R. Kohring, and T. Schliiter. 1998. Was 
insect biodiversity in the Triassic akin to today—a 


NO. 467 


case study from the Molteno Formation (South 
Africa). Entomologia Generalis 23 (1/2): 15-26. 

Ansorge, J. 1996. Insekten aus dem oberen Lias von 
Gimmen (Vorpommern, Norddeutschland). Neue 
Palaontologische Abhandlungen 2: 1-132. 

Ansorge, J. 2003. Insects from the lower Toarcian of 
middle Europe and England. Acta Zoologica Craco- 
viensia 46 (suppl.): 291-310. 

Arnoldi, L.V., V.V. Zherikhin, L.M. Nikritin, and 
A.G. Ponomarenko. 1991. Mesozoic Coleoptera. 
Washington D.C.: Smithsonian Institution Librar- 
ies and the United States National Science Foun- 
dation. [English translation of Arnoldi et al., 
1977. Mezozoiskie Zhestkokrylye. Trudy Paleon- 
tologischeskogo Instituta Akademii Nauk, SSSR 
161: 1-204] 

Ashman, L.G., R.G. Oberprieler, and A. Slipinski. 2015. 
Rhopalomma stefaniae gen. et sp. n., the first omma- 
tid beetle from the Upper Jurassic in Australia 
(Coleoptera: Archostemata: Ommatidae). Zootaxa 
3980 (1): 136-142. 

Bai, M., D. Ahrens, X.K. Yang, and D. Ren. 2012. New 
fossil evidence of the early diversification of scarabs: 
Alloioscarabaeus cheni (Coleoptera: Scarabaeoidea) 
from the Middle Jurassic of Inner Mongolia, China. 
Insect Science 19 (2): 159-171. 

Barthel, K.W., N.H.M. Swinburne, and S.C. Morris. 
1990. Solnhofen: a study in Mesozoic palaeontology. 
Cambridge: Cambridge University Press. 

Bashkuevy, A., et al. 2012. Insects from the Buntsand- 
stein of Lower Franconia and Thuringia. Palaon- 
tologische Zeitschrift 86 (2): 175-185. 

Basset, Y., and R.L. Kitching. 1991. Species number, 
species abundance and body length of arboreal 
arthropods associated with an Australian rainforest 
tree. Ecological Entomology 16 (4): 391-402. 

Beattie, R.G., and S. Avery. 2012. Palaeoecology and 
palaeoenvironment of the Jurassic Talbragar Fossil 
Fish Bed, Gulgong, New South Wales, Australia. 
Alcheringa: An Australasian Journal of Palaeontol- 
ogy 36 (4): 453-468. 

Beutel, R., et al. 2024. The evolutionary history of Cole- 
optera (Insecta) in the late Palaeozoic and the Meso- 
zoic. Systematic Entomology 2024: 1-34. 

Blagoderov, V., D.A. Grimaldi, and N.C. Fraser. 2007. 
How time flies for flies: diverse Diptera from the 
Triassic of Virginia and early radiation of the order. 
American Museum Novitates 3572: 1-39. 

Bode, A. 1953. Die Insektenfauna des Ostniedersachsi- 
schen Oberen Lias. Palaeontographica Abteilung A 
103: 1-375. 


2024 CRISCIONE-VASTANO AND GRIMALDI: BEETLES OF THE SOLITE DEPOSIT 131 


Bomfleur, B., J.W. Schneider, R. Schéner, L. Viereck- 
GOotte, and H. Kerp. 2011. Fossil sites in the conti- 
nental Victoria and Ferrar groups (Triassic-Jurassic) 
of north Victoria Land, Antarctica. Polarforschung 
80 (2): 88-99. 

Bouchard, P., and Y. Bousquet. 2020. Additions and 
corrections to “Family-group names in Coleoptera 
(Insecta). ZooKeys 922: 65-139. 

Brachert, T. 1987. Makrofossilfihrung der “Siemen- 
si-Geoden” (Mittlerer Lias Epsilon, Unteres Toar- 
cium) von Kerkhofen/Oberpfalz (Bayern). Neue 
Insekten- und Pflanzenfunde. Geologische Blatter 
NO-Bayern 37 (3-4): 217-240. 

Brauckmann, C., and T. Schliiter. 1993. Neue Insekten 
aus der Trias von Unter-Franken. Geologica et Pal- 
aeontologica 27: 181-199. 

Brauckmann, C., et al. 2010. First Late Triassic record 
of a paleoentomofauna from South America 
(Malargiie Basin, Mendoza Province, Argentina). 
Acta Geologica Sinica (English ed.) 84 (4): 915-924. 

Brodie, P.B. 1845. A history of the fossil insects in the 
secondary rocks of England accompanied by a par- 
ticular account of the strata in which they occur, 
and of the circumstances connected with their pres- 
ervation. London: J. van Voorst. 

Bullians, M.S., and R.A. Leschen. 2004. Noteucinetus 
new genus from New Zealand and Chile and notes 
on Eucinetus stewarti (Broun) (Coleoptera: Euci- 
netidae). New Zealand Entomologist 27: 2938. 

Cai, C., D. Huang, M.K. Thayer, and A.F. Newton. 2012. 
Glypholomatine rove beetles (Coleoptera: Staphy- 
linidae): a southern Hemisphere recent group 
recorded from the Middle Jurassic of China. Journal 
of the Kansas Entomological Society 85 (3): 239- 
244. 

Cai, C.Y., E.V. Yan, R. Beattie, B. Wang, and D.Y. Huang. 
2013. First rove beetles from the Jurassic Talbragar 
fish bed of Australia (Coleoptera, Staphylinidae). 
Journal of Paleontology 87 (4): 650-656. 

Cai, C., et al. 2022. Integrated phylogenomics and fossil 
data illuminate the evolution of beetles. Royal Soci- 
ety Open Science 9 (3): 1-19. 

Cairncross, B., J.M. Anderson, and H.M. Anderson. 
1995. Palaeoecology of the Triassic Molteno Forma- 
tion, Karoo basin, South Africa—sedimentological 
and palaeontological evidence. South African Jour- 
nal of Geology 98 (4): 452-478. 

Carpenter, EM. 1932. Jurassic insects from Solenhofen 
in the Carnegie Museum and the Museum of Com- 
parative Zoology. Annals of the Carnegie Museum 
21 (3): 97-129. 


Carpenter, EM. 1969. Fossil insects from Antarctica. 
Psyche: A Journal of Entomology 76 (4): 418-425. 

Chang, J.P. 1996. New material about fossil insects in 
the Beipiao Formation in Qinhuangdao, Hebei. 
Journal Changchun University of Earth Sciences 26 
(special issue): 7-11. [in Chinese] 

Chang, H., Y. Zhao, and D. Ren. 2009. New fossil elat- 
erids (Insect: Coleoptera: Polyphaga: Elateridae) 
from the Middle Jurassic of Inner Mongolia, China. 
Progress in Natural Science 19 (10): 1433-1437. 

Chatzimanolis, S., D.A. Grimaldi, M.S. Engel, and 
N.C. Fraser. 2012. Leehermania prorova, the earli- 
est staphyliniform beetle, from the Late Triassic 
of Virginia (Coleoptera: Staphylinidae). American 
Museum Novitates 3761: 1-28. 

Cockerell, T.D.A. 1915. British fossil insects. Proceed- 
ings of the United States National Museum 49: 
469-499. 

Cornet, B., and P.E. Olsen. 1990. Early to Middle Car- 
nian (Triassic) flora and fauna of the Richmond and 
Taylorsville basins, Virginia and Maryland, USA. 
Martinsville, Virginia: Virginia Museum of Natural 
History. 

Crowson, R.A. 1962. Observations on the beetle family 
Cupedidae, with descriptions of two new fossil 
forms and a key to the recent genera. Annals and 
Magazine of Natural History 5 (51): 147-157. 

Dunstan, B., 1923. Mesozoic insects of Queensland part 
I - introduction and Coleoptera. Queensland Geo- 
logical Survey Publication 273: 1-89. 

Dzik, J., and T. Sulej. 2007. A review of the early Late 
Triassic Krasiejow biota from Silesia, Poland. Palae- 
ontologica Polonica 64: 3-27. 

Fedorenko, D.N. 2014. Wings of Coptoclavidae (Cole- 
optera, Adephaga) from the Keuper (Triassic) of 
Franconia, Germany. Paleontological Journal 48 (6): 
605-609. 

Fikacek, M., et al. 2020. Reliable placement of beetle 
fossils via phylogenetic analyses—Triassic Leeherma- 
nia as a case study (Staphylinidae or Myxophaga?). 
Systematic Entomology 45 (1): 175-187. 

Fliche, P. 1901. Sur un insecte fossile trouve dans le Trias 
en Lorraine. Comptes Rendus Hebdomadaires des 
Séances de l’'Académie des Sciences 132: 650-651. 

Fraser, N.C., and D.A. Grimaldi. 2003. Late Triassic 
continental faunal change: new perspectives on Tri- 
assic insect diversity as revealed by a locality in the 
Danville Basin, Virginia, Newark Supergroup. In 
P.M. Letourneau and PE. Olsen (editors), The great 
rift valleys of Pangea in Eastern North America Vol. 
2: 192-205. New York: Columbia University Press. 


132 BULLETIN AMERICAN MUSEUM OF NATURAL HISTORY 


Fraser, N.C., D.A. Grimaldi, and PE. Olsen. 1996. A 
Triassic Lagerstatte from eastern North America. 
Nature 380 (6575): 615-619. 

Fraser, N.C., et al. 2017. The Solite Quarry—a window 
into life by a Late Triassic lake margin. In N.C. Fra- 
ser and H.-D. Sues (editors), Terrestrial conserva- 
tion Lagerstatten: windows into the evolution of life 
on land: 105-129. Edinburgh: Dunedin Academic 
Press. 

Frenguelli, J. 1948. Estratigrafia y edad del llamado 
Rético en la Argentina. Anales de la Sociedad 
Argentina de Estudios Geograficos, Sociedad 
Argentina de Estratigrafia Geologica, GAEA 8: 159- 
309. 

Fujiyama, I. 1973. Mesozoic insect fauna of East Asia. 
Part I. Introduction and Upper Triassic faunas. Bul- 
letin of the National Science Museum 16: 331-386. 

Gallego, O.F. 1997. Nota paleontoldgica. Hallazgos de 
insectos Tridsicos en la Argentina. Ameghiniana 34 
(4): 511-516. 

Gallego, O.F, R.G. Martins-Neto, and S.N. Nielsen. 
2005. Conchostracans and insects from the Upper 
Triassic of the Biobio River (“Santa Juana Forma- 
tion”), south-central Chile. Andean Geology 32 (2): 
293-311. 

Gardiner, B.G. 1961. New Rhaetic and Liassic beetles. 
Palaeontology 4 (1): 87-89. 

Geyer, G., and K.P. Kelber. 1987. Fliigelreste und 
lebensspuren von insekten aus dem Unteren Keuper 
Mainfrankens. Neues Jahrbuch fiir Geologie und 
Paldontologie. Abhandlungen 174 (3): 331-355. 

Ghosh, S.C., T.K. Pal, and A. Nandi. 2007. First record 
of an aquatic beetle larva (Insecta: Coleoptera) from 
the Parsora Formation (Permo-Triassic), India. Pal- 
aeontology 50 (6): 1335-1340. 

Giebel, C.G. 1856. Die Insecten und Spinnen der Vor- 
welt mit steter Beriicksichtigung der lebenden 
Insekten und Spinnen. Die Fauna der Vorwelt 2: 
1-511. 

Gore, P.J. 1988. Paleoecology and sedimentology of a 
Late Triassic lake, Culpeper basin, Virginia, USA. 
Palaeogeography, Palaeoclimatology, Palaeoecology 
62: 593-608. 

Grant-Mackie, J.A. 1958. Rocks of the Hokonui Sys- 
tem, Awakino-Mahoenui area, southwest Auck- 
land. M.S. thesis, Department of Geology, 
University of Auckland. 

Gratshev, V.G., and V.V. Zherikhin. 2003. The fossil 
record of weevils and related beetle families (Cole- 
optera, Curculionoidea). Acta Zoologica Cracovien- 
sia 46 (supplement P): 129-138. 


NO. 467 


Grimaldi, D., and M.S. Engel. 2005. Evolution of the 
Insects. New York: Cambridge University Press. 
Guan, Q,, et al. 1998. Oil-bearing strata (Upper Devo- 
nian to Jurassic) of the Santanghu Basin in Xinjiang, 
China. Nanjing, China: Southeast University Press. 

[in Chinese with English abstract] 

Handlirsch, A. 1906-1908. Die fossilen Insekten und 
die Phylogenie der rezenten Formen, parts I-IV. Ein 
Handbuch fir Palaontologen und Zoologen. 
Leipzig: W. Engelmann. 

Hauschke, N. 1991. Durchwurzelte Sedimentfolgen in 
der Trias des Cuyo-Beckens, W-Argentinien. Neues 
Jahrbuch fur Geologie und Palaontologie. Abhand- 
lungen 183: 307-328. 

Heckert, A.B., P.E. Olsen, V.P. Schneider, and K.B. 
Taylor. 2012. Field trip guide: stratigraphy, pale- 
ontology, and geological resources of the Upper 
Triassic Newark Supergroup Basins, North Caro- 
lina and southern Virginia. Geological Society of 
America Post-Meeting Field Trip Nov 8-10, 2012: 
1-18. 

Heer, O. 1853. Beschreibung der angefiihrten Pflanzen 
und Insekten. Neue Denkschriften der Allgemeinen 
Schweizerischen Gesellschaft fiir die Gesammten 
Naturwissenschaften 13: 115-135. 

Heer, O. 1877. Flora fossilis Helvetiae. Die vorweltliche 
Flora der Schweiz. Ziirich: J. Wurster. 

Heer, O. 1878. Ueber einige Insektenreste aus der Rae- 
tischen Formation Schonens. Geologiska Forenin- 
gens i Stockholm Forhandlinger 4: 192-197. 

Hong, Y. 1980. Fossil insects. Mesozoic stratigraphy and 
paleontology of Shaanxi-Gansu-Ningxia Basin 2: 
111-114. [in Chinese] 

Hong, Y. 1984. Insecta. In Palaeontological atlas of 
North China, II, Mesozoic volume: 128-185. Bei- 
jing: Geological Publishing House. [in Chinese] 

Hong, Y. 1998. Establishment of fossil entomofaunas 
and their evolutionary succession in North China. 
Entomologica Sinica 5 (4): 283-300. 

Hornschemeyer, T., S$. Wedmann, and G. Poinar. 2010. 
How long can insect species exist? Evidence from 
extant and fossil Micromalthus beetles (Insecta: 
Coleoptera). Zoological Journal of the Linnean 
Society 158 (2): 300-311. 

Hsiao, Y., Y. Yu, C. Deng, and H. Pang. 2017. The first 
fossil wedge-shaped beetle (Coleoptera, Ripiphori- 
dae) from the middle Jurassic of China. European 
Journal of Taxonomy 277: 1-13. 

Huang, Q.S. 1984. A preliminary study on the age of 
Lalijian Formation in Huaining area, Anhui. Geo- 
logical Review 30 (1): 1-7. [in Chinese] 


2024 CRISCIONE-VASTANO AND GRIMALDI: BEETLES OF THE SOLITE DEPOSIT 133 


Huang, D., et al. 2019. Late Triassic fossil insects from 
the Laohugou Formation of northern China (Qin- 
huangdao, Hebei Province). Palaeoentomology 2 
(2): 183-191. 

Huber, P., N. McDonald, and P. Olsen. 2003. Early 
Jurassic insects from the Newark Supergroup, 
northeastern United States. In PM. LeTourneau and 
PE. Olsen (editors), The great rift valleys of Pangea 
in Eastern North America, 2: 206-223. New York: 
Columbia University Press. 

Jarzembowski, E.A., B. Wang, H. Zhang, and Y. Fang. 
2015. Boring beetles are not necessarily dull: new 
notocupedins (Insecta: Coleoptera) from the Meso- 
zoic of Eurasia and East Gondwana. Cretaceous 
Research 52: 431-439. 

Kent, D.V., P.E. Olsen, and G. Muttoni. 2017. Astrochro- 
nostratigraphic polarity time scale (APTS) for the 
Late Triassic and Early Jurassic from continental 
sediments and correlation with standard marine 
stages. Earth-Science Reviews 166: 153-180. 

Kirejtshuk, A.G., M. Poschmann, J. Prokop, R. Gar- 
rouste, and A. Nel. 2014. Evolution of the elytral 
venation and structural adaptations in the oldest 
Palaeozoic beetles (Insecta: Coleoptera: Tshekardo- 
coleidae). Journal of Systematic Palaeontology 12: 
575-600. 

Krzeminski, W., and C. Lombardo. 2001. New fossil 
Ephemeroptera and Coleoptera from the Ladinian 
(Middle Triassic) of Canton Ticino (Switzerland). 
Rivista Italiana di Paleontologia e Stratigrafia 107 
(1): 69-78. 

Lara, M.B., O.E Gallego, and L. Vaz Tassi. 2012. Mesozoic 
coleopteran faunas from Argentina: geological context, 
diversity, taphonomic observations, and comparison 
with other fossil insect records. Psyche 2012: 1-14. 

Laurentiaux, D., 1946. La faune continentale des 
marnes de Tchakras (Asie Mineure). Annales de la 
Société Géologique du Nord 66: 213-235 + 2 plates. 

Legalov, A.A. 2010. Review of Curculionoid beetles of 
the genus Arnoldibelus Leg. from the Jurassic of 
Kazakhstan (Coleoptera: Nemonychidae). Paleonto- 
logical Journal 44: 654-656. 

Legalov, A.A. 2012. New Obrieniidae from the Jurassic 
of Kazakhstan (Coleoptera, Obrienioidea). Paleon- 
tological Journal 46: 73-78. 

Li, Y.D., R. Kundrata, D.Y. Huang, and C.Y. Cai. 2021. 
Notes on the morphology and systematic position of 
Archaeolus Lin, 1986, from the Jurassic of South 
China (Coleoptera: Elateroidea). Insects 12 (10): 1-6. 

Lin, Q. 1983. Two beetle fossils from the Sangiutian For- 
mation (Upper Triassic) in Liuyang County of Hunan 


Province. Bulletin of the Nanjing Institute of Geology 
and Palaeontology, Academia Sinica 6: 297-307. 
Lin, Q. 1986. Early Mesozoic fossil insects from South 
China. Palaeontologia Sinica, Series B 170: 1-112. 

[in Chinese] 

Lin, Q. 1992. Late Triassic insect fauna from Toksun, 
Xinjiang. Acta Palaeontologica Sinica 31: 313-335. 
[in Chinese] 

Lin, Q.B., and C.J. Mou. 1989. On insects from Upper 
Triassic Xiaoping Formation, Guangzhou, China. 
Acta Palaeontologica Sinica 28 (5): 598-603. [in 
Chinese] 

Liu, Z., S. Liu, and Y.C. Hong. 1985. Insecta, in discov- 
ery and studying of the Triassic fauna and flora 
from the Niangniangmiao in Longxian, Shaanxi. 
Bulletin of the Xian Institute of Geology and Min- 
eral Resources 10: 105-120. [in Chinese] 

Liu, Z., A. Slipiriski, J.F. Lawrence, D. Ren, and H. Pang. 
2017. Palaeoboganium gen. nov. from the Middle 
Jurassic of China (Coleoptera: Cucujoidea: Bogani- 
idae): the first cycad pollinators? Journal of System- 
atic Palaeontology 16 (4): 351-360. 

Liutkus, C.M., J.S. Beard, N.C. Fraser, and P.C. Ragland. 
2010. Use of fine-scale stratigraphy and che- 
mostratigraphy to evaluate conditions of deposition 
and preservation of a Triassic Lagerstatte, south- 
central Virginia. Journal of Paleolimnology 44: 
645-666. 

Lozovsky, V.R., et al. 2016. The terminal Permian in 
European Russia: Vyaznikovian Horizon, Nedu- 
brovo Member, and Permian-Triassic boundary. 
Stratigraphy and Geological Correlation 24 (4): 
364-380. 

Maeda, H., and N. Oyama. 2019. Stratigraphy and fos- 
sil assemblages of the Triassic Mine Group and 
Jurassic Toyora Group in western Yamaguchi Pre- 
fecture. Journal of the Geological Society of Japan 
125 (8): 585-594. 

Mancuso, A.C., O.F, Gallego, and R.G. Martins-Neto. 
2007. The Triassic insect fauna from the Los Rastros 
Formation (Bermejo Basin), La Rioja Province 
(Argentina): its context, taphonomy and paleobiol- 
ogy. Ameghiniana 44 (2): 337-348. 

Martin, S.K. 2010. Early Jurassic coleopterans from the 
Mintaja insect locality, Western Australia. Acta Geo- 
logica Sinica—English Edition 84 (4): 925-953. 

Martins-Neto, R.G., and O.F. Gallego. 1999. A paleoen- 
tomofauna Jurassica da Argentina, parte I. Insetos 
da Formacao La Matilde. Proceedings of the 15th 
Congresso Brasileiro de Paleontologia, Ceara, Bra- 
zil: 69. 


134 BULLETIN AMERICAN MUSEUM OF NATURAL HISTORY 


Martins-Neto, R.G., and O.F. Gallego. 2009. The Trias- 
sic insect fauna from Argentina: Blattoptera and 
Coleoptera from the Ischichuca Formation (Ber- 
mejo Basin), La Rioja Province. Ameghiniana 46 
(2): 361-372. 

Martins-Neto, R.G., O.E Gallego, and A.C. Mancuso. 
2006. The Triassic insect fauna from Argentina. 
Coleoptera from the Los Rastros Formation (Ber- 
mejo Basin), La Rioja Province. Ameghiniana 43 
(3): 591-609. 

Martins-Neto, R.G., O.F. Gallego, and A.M. Zavattieri. 
2007. A new Triassic insect fauna from Cerro Bayo, 
Potrerillos (Mendoza Province, Argentina) with 
descriptions of new taxa (Insecta: Blattoptera and 
Coleoptera). Alcheringa 31 (2): 199-213. 

Martins-Neto, R.G., O.F. Gallego, and A.M. Zavattieri. 
2008. The Triassic insect fauna from Argentina: 
Coleoptera, Hemiptera and Orthoptera from the 
Potrerillos Formation, south of Cerro Cacheuta, 
Cuyana basin. Alavesia 2: 47-58. 

Martynov, A.V. 1935. Zametka ob iskopaemykh nas- 
ekomykh iz Mezozoyskikh otlozheniy Chelyabinsk- 
ogo burougol’nogo basseyna. Akademiya Nauk 
SSSR, Trudy Paleozoologicheskogo Instituta 4: 
37-48. [in Russian] 

May, R.M. 1978. The dynamics and diversity of insect 
faunas. Symposia of the Royal Entomological Soci- 
ety of London 9: 188-204. 

McGill, B.J., et al. 2007. Species abundance distribu- 
tions: moving beyond single prediction theories to 
integration within an ecological framework. Ecol- 
ogy Letters 10 (10): 995-1015. 

McKenna, D.D., et al. 2019. The evolution and genomic 
basis of beetle diversity. Proceedings of the National 
Academy of Sciences of the United States of Amer- 
ica 116 (49): 24729-24737. 

Meller, B., A.G. Ponomarenko, D.V. Vasilenko, T.C. 
Fischer, and B. Aschauer. 2011. First beetle elytra, 
abdomen (Coleoptera) and a mine trace from Lunz 
(Carnian, Late Triassic, Lunz-am-See, Austria) and 
their taphonomical and evolutionary aspects. Palae- 
ontology 54 (1): 97-100. 

Monteith, G.B., and V.T. Davies. 1984. Preliminary 
account of a survey of arthropods (insects and spi- 
ders) along an altitudinal rainforest transect in 
tropical Queensland. In G.L. Warren and A.P. Ker- 
shaw (editors), Australian National Rainforest Study 
Report, vol. 1. Proceedings of a workshop on the 
past, present and further of Australian rainforests: 
402-414. Melbourne: Geography Department, 
Monash University. 


NO. 467 


Morse, D.R., N.E. Stork, and J.H. Lawton. 1988. Species 
number, species abundance and body length relation- 
ships of arboreal beetles in Bornean lowland rain for- 
est trees. Ecological Entomology 13 (1): 25-37. 

Muscente, A.D., and S. Xiao. 2015. Resolving three- 
dimensional and subsurficial features of carbona- 
ceous compressions and shelly fossils using 
backscattered electron scanning electron micros- 
copy (BSE-SEM). Palaios 30 (6): 462-481. 

Northwood, C. 2005. Early Triassic coprolites from 
Australia and their palaeobiological significance. 
Palaeontology 48 (1): 49-68. 

Oberprieler, R.G. 2014. Curculionidae Latreille 1802. In 
A.B. Leschen, and R.G. Beutel (editors), Handbook 
of zoology, Arthropoda: Insecta, vol. 3: morphology 
and systematics (Phytophaga): 285-300. Berlin: De 
Gruyter, Inc. 

Oberprieler, R.G., L.G. Ashman, M. Frese, and A. 
Slipiriski. 2016. The first elateroid beetles (Coleop- 
tera: Polyphaga: Elateroidea) from the Upper Juras- 
sic of Australia. Zootaxa 4147 (2): 177-191. 

Olsen, PE. 1979. A new aquatic eosuchian from the 
Newark supergroup (Late Triassic-Early Jurassic) of 
North Carolina and Virginia. Postilla 176: 1-14. 

Olsen, P.E. and P. Huber. 1997. Stop 3: Triangle Brick 
Quarry. In T.W. Clark (editor), TRIBI: Triassic Basin 
Initiative, abstracts with programs and field trip 
guidebook: 22-29. Durham, NC: Duke University. 

Olsen, P.E., C.L. Remington, B. Cornet, and K.S. Thom- 
son. 1978. Cyclic change in Late Triassic lacustrine 
communities. Science 201: 729-733. 

Olsen, P.E., J.C. Reid, K.B. Taylor, J.H. Whiteside, and 
D.V. Kent. 2015. Revised stratigraphy of Late Trias- 
sic age strata of the Dan River Basin (Virginia and 
North Carolina, USA) based on drill core and out- 
crop data. Southeastern Geology 51 (1): 1-31. 

Pan, X., H. Chang, D. Ren, and C. Shih. 2011. The first 
fossil buprestids from the Middle Jurassic Jiulong- 
shan Formation of China (Coleoptera: Buprestidae). 
Zootaxa 2745 (1): 53-62. 

Papier, FE, A. Nel, L. Grauvogel-Stamm, and J.C. Gall. 2005. 
La diversité des Coleoptera (Insecta) du Trias dans le 
nord-est de la France. Geodiversitas 27 (2): 181-199. 

Penalver, E., X. Martinez-Delclos, and A. Arillo. 1999. 
Yacimientos con insectos fosiles en Espana. Revista 
Espanola de Paleontologia 14 (2): 23 1-245. 

Pierwola, A.A., and D.A. Grimaldi. 2022. First New 
World Necrotaulius reflects the Laurasian land 
masses (Insecta: Amphiesmenoptera: Necrotauli- 
idae). Neues Jahrbuch fiir Geologie und Palaontolo- 
gie-Abhandlungen 304 (1): 37-50. 


2024 CRISCIONE-VASTANO AND GRIMALDI: BEETLES OF THE SOLITE DEPOSIT 135 


Pinto, I.D., and L.P. de Ornellas. 1974. New insect Tri- 
assoblatta cargnini Pinto et Ornellas, sp. nov., a Tri- 
assic blattoid from Santa Maria Formation, South 
Brazil. Anais 46: 515-521. 

Ponomarenko, A.G. 1967. Beetles of the family Cupedi- 
dae, Lower Triassic of Soviet Central Asia. Interna- 
tional Geology Review 9 (7): 957-973. 

Ponomarenko, A.G. 1968. Zhuki-arkhostematy yury 
Karatau (Coleoptera, Archostemata) [Jurassic arch- 
ostematid beetles from Karatau (Coleoptera, Arch- 
ostemata)]. In B.B. Rohdendorf (editor), Yurskoy 
Nasekomiye Karatau. Moscow: Nauka Publishing 
House. [in Russian] 

Ponomarenko, A.G. 1969. Istoricheskoe razvitie zhest- 
kokrylykh-arkhostemat [Historical development of 
the archostematan beetles]. Trudy Akademiya Nauk 
SSSR 125: 1-240. [in Russian] 

Ponomarenko, A.G. 1985. Fossil insects from the Titho- 
nian “Solnhofener Plattenkalke” in the Museum of 
Natural History, Vienna. Annalen des Naturhisto- 
rischen Museums in Wien, Serie A 87: 135-144. 

Ponomarenko, A.G. 1992. Upper Liassic beetles (Cole- 
optera) from Lower Saxony, Germany. Senckenber- 
giana Lethaea 72: 179-188. 

Ponomarenko, A.G. 1993. Two new species of Mesozoic 
dysticoid beetles from Asia. Paleontological Journal 
27 (1A): 182-191. 

Ponomarenko, A.G. 1994. New Mesozoic cupedid bee- 
tles from Mongolia. Brochocoleini and Notocupe- 
dini. Paleontological Journal 28 (3): 102-115. 

Ponomarenko, A.G. 1995. The geological history of 
beetles. In J. Pakaluk and S.A. Slipiriski (editors), 
Biology, phylogeny, and classification of Coleoptera: 
papers celebrating the 80th birthday of Roy A. 
Crowson, 1: 155-171. Warsaw: Muzeum i Instytut 
Zoologii PAN. 

Ponomarenko, A.G. 1997. New beetles of the family 
Cupedidae from the Mesozoic of Mongolia. Omma- 
tini, Mesocupedini, Priacmini. Paleontological Jour- 
nal 31 (4): 389-399. 

Ponomarenko, A.G. 2002. Superorder Scarabaeidae 
Laicharting, 1781. Order Coleoptera Linné, 1758. 
The beetles. In A.P. Rasnitsyn and D.L.J. Quicke 
(editors), History of insects: 164-176. Dordrecht: 
Kluwer Academic Publishers. 

Ponomarenko, A.G. 2003. Ecological evolution of bee- 
tles (Insecta: Coleoptera). Acta Zoologica Cracovi- 
ensia 46: 319-328. 

Ponomarenko, A.G. 2004. Beetles (Insecta, Coleoptera) 
of the late Permian and Early Triassic. Paleonto- 
logical Journal 38 (suppl. 2): $185-S196. 


Ponomarenko, A.G. 2006. On the types of Mesozoic 
archostematan beetles (Insecta, Coleoptera, Arch- 
ostemata) in the Natural History Museum, London. 
Paleontological Journal 40 (1): 90-99. 

Ponomarenko, A.G. 2008. New Triassic beetles (Cole- 
optera) from northern European Russia. Paleonto- 
logical Journal 42 (6): 600-606. 

Ponomarenko, A.G. 2016a. Insects during the time 
around the Permian-Triassic crisis. Paleontological 
Journal 50: 174-186. 

Ponomarenko, A.G. 2016b. New beetles (Insecta, Cole- 
optera) from the Lower Triassic of European Russia. 
Paleontological Journal 50 (3): 286-292. 

Ponomarenko, A.G., and A.S. Bashkuev. 2018. First Tri- 
assic record of the beetle family Permocupedidae 
(Insecta: Coleoptera): a peculiar example of a Lazarus 
taxon. Palaontologische Zeitschrift 92 (4): 587-591. 

Ponomarenko, A.G., and A.N. Volkov. 2013. Ademosyn- 
oides asiaticus Martynov, 1936, the earliest known 
member of an extant beetle family (Insecta, Coleop- 
tera, Trachypachidae). Paleontological Journal 47: 
601-606. 

Ponomarenko, A.G., et al. 2014. Upper Jurassic Lager- 
statte Shar Teg, southwestern Mongolia. Paleonto- 
logical Journal 48: 1573-1682. 

Ponomarenko, A.G., A.A. Prokin, and A.S. Bashkuev. 
2015. Coptoclavid beetles (Insecta: Coleoptera: Adeph- 
aga) from the Triassic of Lower Franconia, Germany. 
Paleontological Journal 49 (12): 1334-1345. 

Prokin, A.A., K.V. Makarov, A.G. Ponomarenko, and 
A.S. Bashkuev. 2013. New beetle larvae (Coleoptera: 
Coptoclavidae, Caraboidea, Polyphaga) from the 
Upper Triassic of Germany. Russian Entomological 
Journal 22 (4): 259-274. 

Qvarnstrém, M., et al. 2021. Exceptionally preserved 
beetles in a Triassic coprolite of putative dinosauri- 
form origin. Current Biology 31 (15): 3374-3381. 

Rao, N. and S.C. Shah. 1959. Fossil insects from the 
Gondwanas of India. Indian Minerals 13: 3-5. 

Riek, E.F. 1968. On the occurrence of fossil insects in 
the Mesozoic rocks of Western Australia. Records of 
the Australian Museum 27 (16): 311-312 + plate 46. 

Riek, E.F. 1970. Fossil history. In The insects of Austra- 
lia. A textbook for students and research workers: 
168-186. Melbourne: Melbourne University Press. 

Riek, E.F 1974. Upper Triassic insects from the Mol- 
teno “Formation, South Africa. Palaeontologia 
Africana 17: 19-31. 

Riek, E.F. 1976. A new collection of insects from the 
Upper Triassic of South Africa. Annals of the Natal 
Museum 22 (3): 791-820. 


136 BULLETIN AMERICAN MUSEUM OF NATURAL HISTORY 


Ritzkowski, S. 1997. K-Ar-Altersbestimmungen der 
bernsteinfiihrenden Sedimente des Samlandes 
(Palaogen, Bezirk Kaliningrad). Metalla, Bochum 
66: 19-23. 

Rodendorf, B.B. (editor). 1968. Yurskie nasekomye 
Karatau [Jurassic insects of the Karatau]. Moscow: 
Nauka. [in Russian] 

Roemer, FE. 1876. Notiz tiber ein Vorkommen von fos- 
silen Kafern (Coleopteren) im Rhat bei Hildesheim. 
Zeitschrift der Deutschen Geologischen Gesellschaft 
28: 350-353. 

Santiago-Blay, J.A., C.C. Labandeira, L. Pribyl, C. Hot- 
ton, and L.D. Martin. 2001. The Sundance insect 
fauna (Middle Jurassic) of northern Wyoming and 
southern Montana. Geological Society of America, 
abstracts with programs 33: 266. 

Saunders, A., and M. Reichow. 2009. The Siberian Traps 
and the End-Permian mass extinction: a critical 
review. Chinese Science Bulletin 54 (1): 20-37. 

Schadel, M., M. Yavorskaya, and R.G. Beutel. 2022. The 
earliest beetle +Coleopsis archaica (Insecta: Coleop- 
tera)-morphological re-evaluation using reflectance 
transformation imaging (RTI) and phylogenetic 
assessment. Arthropod Systematics and Phylogeny 
80: 495-510. 

Scotese, C.R. 2014. Atlas of middle and late Permian 
and Triassic paleogeographic maps, maps 43-52, 
vols. 3 and 4, PALEOMAP. Evanston, IL: PaleoAtlas 
for ArcGIS, PALEOMAP Project. 

Shcherbakov, D.E. 2008. Madygen, Triassic Lagerstatte 
number one, before and after Sharov. Alavesia 2: 
113-124. 

Slipiriski, $.A., R.A.B. Leschen, and J.F. Lawrence. 2011. 
Order Coleoptera Linnaeus, 1758. In Z.-Q. Zhang 
(editor), Animal biodiversity: an outline of higher- 
level classification and survey of taxonomic rich- 
ness. Zootaxa 3148: 203-208. 

Strada, L., M. Montagna, and A. Tintori. 2014. A new 
genus and species of the family Trachypachidae 
(Coleoptera, Adephaga) from the upper Ladinian 
(Middle Triassic) of Monte San Giorgio. Rivista Itali- 
ana di Paleontologia e Stratigrafia 120 (2): 183-190. 

Sukacheva, I.D., and A.P. Rasnitsyn. 2004. Jurassic 
insects (Insecta) from the Sai-Sagul Locality (Kyr- 
gyzstan, Southern Fergana). Paleontological Journal 
38 (2): 182-186. 

Svacha, P., and J.E Lawrence. 2014. Cerambycidae 
Latreille 1802. In A.B. Leschen and R.G. Beutel (edi- 
tors), Handbook of zoology, Arthropoda, Insecta, 3: 
morphology and systematics (Phytophaga). Berlin: 
De Gruyter, Inc. 


NO. 467 


Tan, J.J.. and D. Ren. 2009. Mesozoic archostematan 
fauna from China. Beijing: Science Press. [in Chi- 
nese | 

Tasch, P. 1973. Jurassic beetle from southern Victoria 
Land, Antarctica. Journal of Paleontology 47: 590-591. 

Teixeira, C. 1975. Sur une larve d’insecte fossile (Coléop- 
tere) du Karoo de lAngola. Boletim da Sociedade 
Geologica de Portugal 19: 131-133. 

Thomson, U., A.J. Ross, and P. Davidson. 2017. Meso- 
zoic Holcoptera (Coleoptera: Coptoclavidae) from 
England and the United States. Proceedings of the 
Geologists’ Association 128 (4): 659-674. 

Tillyard, R.J. 1918. Permian and Triassic insects from 
New South Wales, in the collection of Mr. John 
Mitchell. Proceedings of the Linnean Society of New 
South Wales 42 (1917): 720-756. 

Tillyard, R.J., and B. Dunstan. 1916. Mesozoic and Ter- 
tiary insects of Queensland and New South Wales. 
Descriptions of the fossil insects and stratigraphical 
features. Queensland Geological Survey 253: 1-63. 

Tillyard, R.J., and B. Dunstan. 1924. Mesozoic insects 
of Queensland: Part 2. Brisbane: AJ Cumming, Gov- 
ernment Printer. 

Toussaint, E.F, et al. 2017. The peril of dating beetles. 
Systematic Entomology 42 (1): 1-10. 

van Eldijk, T., et al. 2017. New fossil insects from the 
Anisian (lower to middle Muschelkalk) from the 
central European Basin (Germany and the Nether- 
lands). Palaontologische Zeitschrift 91 (2): 185-194. 

Via, L., and S. Calzada. 1987. Artrépodos fosiles triasi- 
cos de Alcover-Montral I. Insectos Cuadernos Geo- 
logia Ibérica 11: 273-280. 

Volkov, A.N. 2013. New species of Triaplidae from the 
Babii Kamer’ locality (Kuznetsk Basin). Paleonto- 
logical Journal 47 (1): 94-97. 

Wang, B., and H. Zhang. 2011. The oldest Tenebrionoi- 
dea (Coleoptera) from the Middle Jurassic of China. 
Journal of Paleontology 85 (2): 266-270. 

Wang, B., A.G. Ponomarenko, and H. Zhang. 2010. 
Middle Jurassic Coptoclavidae (Insecta: Coleoptera: 
Dytiscoidea) from China: a good example of mosaic 
evolution. Acta Geologica Sinica (English ed.) 84 
(4): 680-687. 

Wang, S., M.E. McNamara, B. Wang, H. Hui, and B. 
Jiang. 2023. The origins of colour patterns in fossil 
insects revealed by maturation experiments. Pro- 
ceedings of the Royal Society of London B, Biologi- 
cal Sciences 290: 1-7. 

Wegierek, P., and V.V. Zherikhin. 1997. An Early Juras- 
sic insect fauna in the Holy Cross Mountains. Acta 
Palaeontologica Polonica 42 (4): 539-543. 


2024 CRISCIONE-VASTANO AND GRIMALDI: BEETLES OF THE SOLITE DEPOSIT 137 


Westwood, J.O. 1854. Contributions to fossil entomol- 
ogy. Quarterly Journal of the Geological Society of 
London 10: 378-396. 

Whalley, P.S. 1985. The systematics and palaeogeogra- 
phy of the Lower Jurassic insects of Dorset, Eng- 
land. Bulletin of the British Museum, Natural 
History (Geology) 39 (3): 107-189. 

Whalley, P.S.E. 1986. Insects from the Italian Upper 
Trias. Rivista del Museo Civico di Scienze Naturali 
“Enrico Cafh” 10: 51-60. 

Yan, E.V., and B. Wang. 2010. A new genus of Elateri- 
form beetles (Coleoptera, Polyphaga) from the 
Jurassic of Daohugou, China. Paleontological Jour- 
nal 44 (3): 297-302. 

Yan, E.V., B. Wang, A.G. Ponomarenko, and H. Zhang. 
2014. The most mysterious beetles: Jurassic Jurodi- 
dae (Insecta: Coleoptera) from China. Gondwana 
Research 25: 214-225. 

Yan, E.V., R.G. Beutel, and A.G. Ponomarenko. 2017a. 
Ademosynidae (Insecta: Coleoptera)—a new con- 
cept for a coleopteran key taxon and its phyloge- 
netic affinities to the extant suborders. Paleontologia 
Electronica 20: 31A. 

Yan, E.V., R.G. Beutel, and A.G. Ponomarenko. 2017b. 
tPeltosynidae, a new beetle family from the Mid- 
dle-Late Triassic of Kyrgyzstan: its affinities with 
Polyphaga (Insecta, Coleoptera) and the groundplan 
of this megadiverse suborder. Journal of Systematic 
Palaeontology 16 (6): 515-530. 

Zeuner, F. 1930. Uber einige Kafer aus dem deutschen 
Keuper. Jahrbuch der Preussischen Geologischen 
Landesanstalt zu Berlin 51: 462-467. 

Zeuner, F.E. 1959. Jurassic beetles from Grahamland, 
Antarctica. Palaeontology 1 (4): 407-409 + plate. 
Zeuner, F.E. 1960. A Triassic insect fauna from the 
Molteno beds of South Africa. XI Internationaler 
Kongress fiir Entomologie, Verhandlungen 1: 304- 

306. 

Zeuner, EE. 1962. Fossil insects from the lower Lias of 
Charmouth, Dorset. Bulletin of the British Museum 
(Natural History) 7 (5): 153-171 + plates. 

Zhang, H. 1997. A new genus of Elateridae (Insecta, 
Coleoptera) from Lower-Middle Jurassic of Junggar 
Basin, Xinjiang; China. Acta Micropalaeontologica 
Sinica 14 (1): 71-77. 

Zhang S.Q., et al. 2018. Evolutionary history of Coleop- 
tera revealed by extensive sampling of genes and 
species. Nature Communications 9: 1-11. 

Zhang, Q., D. Zheng, B. Wang, and H. Zhang. 2022. A 
review of Triassic insects in China. Geological Soci- 
ety, London, Special Publications 521 (1): 45-60. 


Zhao, X., et al. 2021. Early evolution of beetles regu- 
lated by the end-Permian deforestation. eLife 10: 
e72692. 

Zheng, D., et al. 2018. Middle-Late Triassic insect radi- 
ation revealed by diverse fossils and isotopic ages 
from China. Science Advances 4 (9): 1-7. 

Zherikhin, V.V., and V.G. Gratshev. 1993. Obrieniidae, 
fam. nov., the oldest Mesozoic weevils (Coleoptera, 
Curculionoidea). Paleontological Journal 27 (1A): 
50-69. 


SCIENTIFIC PUBLICATIONS OF THE AMERICAN MUSEUM OF NATURAL HISTORY 
AMERICAN MUSEUM NOVITATES 
BULLETIN OF THE AMERICAN MUSEUM OF NATURAL HISTORY 
ANTHROPOLOGICAL PAPERS OF THE AMERICAN MUSEUM OF NATURAL HISTORY 


PUBLICATIONS COMMITTEE 
ROBERT S. VOSS, CHAIR 


BOARD OF EDITORS 
JIN MENG, PALEONTOLOGY 
LORENZO PRENDINI, INVERTEBRATE ZOOLOGY 
ROBERT S. VOSS, VERTEBRATE ZOOLOGY 
PETER M. WHITELEY, ANTHROPOLOGY 


MANAGING EDITOR 
MARY KNIGHT 


Submission procedures can be found at http://research.amnh.org/scipubs 


All issues of Novitates and Bulletin are available on the web (https://digitallibrary. 
amnh.org/handle/2246/5). Order printed copies on the web from: 
https://shop.amnh.org/books/scientific-publications.html 


or via standard mail from: 
American Museum of Natural History—Scientific Publications 
Central Park West at 79th Street 
New York, NY 10024 


This paper meets the requirements of ANSI/NISO Z39.48-1992 (permanence of paper). 


ON THE COVER: DIVERSE BEETLES FROM THE SOLITE DEPOSIT OF 
VIRGINIA AND NORTH CAROLINA (CLOCKWISE FROM TOP LEFT): 
MORPHOTYPES 31, 58, 17, 29, AND 23. 


